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平成 21 年度から 22 年度にかけて，人事面，組織面でいくつかの変化がありました．永田和宏教授
が，平成 22 年 4 月から京都産業大学総合生命科学部の学部長として転出されることになりました．
永田先生には再生医科学研究所の発足時から長年にわたり研究所の発展にご尽力いただきましたこと
に感謝申し上げます．組織面では，平成 22 年 4 月からは，iPS 細胞の臨床応用を目指して iPS 細胞










平成 22 年 1 月
所 長 坂 口 志 文




本研究所は，平成 10 年 4 月 9 日に設置された．その前身である胸部疾患研究所は，昭和 16 年 3 月に
「結核の予防及び治療」を主軸とする結核研究所として設置され，昭和 42 年 6 月には結核胸部疾患研
究所に名称変更，さらに昭和 63 年 4 月には「胸部疾患に関する学理及びその応用の研究」を目的とし
た胸部疾患研究所への全面改組が行われたが，胸部疾患に関する研究・治療を取り巻く社会的要請の変






本研究所は，平成 10 年 4 月の発足時は 5 大研究部門と附属再生実験動物施設で組織された．その後
平成 14 年 4 月に附属幹細胞医学研究センターが設置され，平成 16 年 4 月に研究部門の再編（1 大研究
部門減）の実施によりナノ再生医工学研究センターが設置された．平成 16 年 10 月には，住友電気工業
㈱の寄附による寄附研究部門が 4 年間の時限で設置された．現在 4 大研究部門（生体機能学，生体組織





また，平成 20 年 10 月には共同利用・共同研究拠点の認定を文部科学大臣より受け，再生医学・再生
医療に関する共同研究を実施している．
主な建物は，再生医科学研究所西館（旧胸部疾患研究所附属病院の後身である医学部附属病院南西病
棟と合同使用），再生医科学研究所東館（旧生体医療工学研究センター），ES 細胞研究棟（平成 14 年竣工），
南部総合研究実験棟（ウイルス研，医学研究科との 3 部局合同使用）（平成 14 年竣工）の 4 棟となっている．
２－２ 教 員 数 等
⑴ 教 員 （平成22年 1 月 1 日現在）
⑵ 大学院生・研修員・研究生等 （平成22年 1 月 1 日現在）
（ ）内は客員で外数
現 員
教 授 准教授 講 師 助 教 小 計 特任講師 特任助教 合 計
11（ 3 ） 12（ 1 ） 2 9 34（ 4 ） 1 6 41（ 4 ）
大 学 院 生 研 修 員 研 究 生 外国人共同研究者等



















































２－３ 組 織 図 （平成 22 年 1 月 1 日現在）





Department of Molecular and Cellular Biology
分野主任 教授 永田 和宏
Prof. Kazuhiro Nagata
【研 究 概 要】
細胞機能調節学分野では，分子シャペロンの機能解析を中心に，再生現象の分子基盤とも言うべきタンパク質の
合成・再生・品質管理の機構について，以下の 3 つの大きなテーマに添って研究を進めている．
第 1 のテーマは，小胞体における productive folding に関する研究であり，コラーゲン特異的分子シャペロン
HSP47 の機能解析を中心に研究を進めている．HSP47 はコラーゲンの正常な合成・分泌にとって必須の分子シャ
ペロンであることを明らかにしてきたが，HSP47 は組織の繊維化にとっても重要な寄与をし，HSP47 の発現を抑






制することによって繊維化の進行を遅らせることができる．HSP47 ノックアウトマウス，および HSP47 ノックア









を行うために，LoxP-Hsp47 を導入したマウスに，II 型コラーゲンのプロモーター下に Cre 遺伝子を発現するマウ








分解を制御することが知られている．最近私たちは，哺乳類小胞体に存在する 2 つの新規レクチン OS-9 と XTP3-
B をクローニングして機能解析を進めている．その結果，OS-9 が認識する糖鎖構造を決定し，さらに細胞内で







分子 EDEM および分子シャペロン BiP と相互作用し，ERAD を促進する．ERdj5 のドメイン解析を行うことで
ERdj5 は C 末端の thioredoxin 様ドメインで EDEM と結合し，ミスフォールドタンパク質を受け取り，これらの
ドメインにより基質を還元し，N 末端に位置する J ドメインを介して基質を BiP に受け渡すことで ERAD を促進
していることを明らかにした．また，小胞体に約 20 種類存在するレドックス関連因子間のカスケードを明らかに
するため，それぞれの因子が相互作用するパートナーを質量分析により網羅的に同定した．その結果に基づき，小
胞体における酸化酵素 Ero1L と酸化異性化酵素 PDI が複合体を形成することで他のレドックス因子を効率良く酸
化できることを明らかにした．これらのレドックス因子の 1 つであり，小胞体膜に局在する TMX4 が新生糖タン
パク質のフォールディングを担う複合体の構成因子であるレクチン様分子シャペロン，カルネキシン及び酸化異性
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化酵素 ERp57 との相互作用を明らかにした． （文責・寳関）
The major focus in the Department of Molecular and Cellular Biology is to study the stress response and the
regulation and function of molecular chaperone/stress proteins. We are working mainly on the three topics in this
field.
We found and cloned the gene of a stress protein HSP47 which resides in the endoplasmic reticulum (ER) act-
ing as a collagen-specific molecular chaperone in the pathway of collagen biosynthesis, processing and secretion.
HSP47 specifically and transiently binds to various types of collagen in the ER. In addition to the binding specificity
to collagen, the expression of HSP47 is always closely correlated with those of collagens during the normal develop-
ment of mouse embryo as well as in the pathophysiological conditions including liver and renal fibrosis.
We already succeeded in making knockout mice lacking hsp47 gene, which resulted in causing the embryonic
lethality at 10.5 dpc in hsp47－/－ homozygotic mice. In these homozygotic mice, the maturation of type I collagen was
abnormal and the immature form of procollagen accumulated in the tissues. Using hsp47－/－ ES cells, we found that
type IV collagen secreted from hsp47-null cells could not form correct triple helices and the basement membrane
was not formed in the embryoid bodies from those cells. We also observed the impairment of basement membrane
formation in mouse embryos, thus these findings reveal that the knockout of a chaperone protein HSP47 causes the
abnormality in molecular maturation of its substrate, and HSP47 is essential for mouse normal development. In
those knockout mice, type IV collagen was observed to accumulate in the ER causing an ER stress, and apoptosis
was also observed in those embryos after 10.5 dpc. Those procollagens accumulated in the ER of the Hsp47 knock-
out cells were eliminated by autophagy, not by ER-associated degradation.
We also established conditional knockout mice with LoxP-Hsp47 gene and after crossing the mice with Cre
gene under type II collagen-promoter, we observed the mice with sever cartilage and bone formation with abnor-
mal molecular maturation of type II collagen. (By K. Nagata)
Another project we are working on is the molecular mechanism of ERQC (ER quality control) and ERAD (ER-
associated degradation). Many works have clarified the importance of ERAD of misfolded proteins and the disrup-
tion of ERQC in genetic diseases and neurodegenerative disorders. Since most of the proteins synthesized in the
ER are N -glycosylated, ERQC of glycoproteins are regulated by the processing of the N -glycans and the recogni-
tion of specific N -glycans by the lectins. Recently, we have cloned two mammalian ER lectins OS-9 and XTP3-B. We
have clarified the oligosaccharide structures that OS-9 lectin domain recognizes, and have shown that EDEM3 is
capable of presenting this glycan signal for degradation by processing specific mannoses in vivo . We are now ana-
lyzing the oligosaccharide structures that XTP3-B lectin domains identify. Furthermore, we are analyzing the asso-
ciation and function of these lectins with a membrane-embedded ubiquitin ligase complex HRD1-SEL1L. The func-
tional analysis of mammalian EDEM family proteins are also in progress. (By N. Hosokawa)
The other project we are working on is the molecular mechanism of protein quality control by oxidoreduc-
tases in the ER. We identified that an ER disulfide reductase, ERdj5 promotes ERAD by cleaving of intermolecular
disulfide bonds of misfolded proteins and preventing their oligomer and aggregate formation. And also ERdj5 inter-
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acts with EDEM, which recognizes misfolded proteins via their N-glycan portions, and a molecular chaperone, BiP
for efficient ERAD. Recently, we have performed the domain analysis of ERdj5 and have found that EDEM inter-
acts with ERdj5 via the C-terminal thioredoxin-like domain cluster and recruits misfolded glycoproteins to ERdj5
and then the C-terminal cluster of ERdj5 cleaves their intermolecular disulfide bonds. BiP associates with ERdj5
through the J-domain in the N-terminus, and captures the reduced misfolded proteins until they are transferred to
the dislocation channel. Also, we have identified interaction partners among about 20 ER oxidoreductases by co-
immunoprecipitation and followed by LC/MS analysis to elucidate redox cascades in the ER. Based on the analysis,
we have found that the redox complex composed of an ER oxidase, Ero1L and an ER oxidoreductase, PDI oxidize
other ER oxidoreductases efficiently. We have also found that an ER oxidoreductase, TMX4, which is localized on
the ER membrane, interacts with a lectin-like chaperone, calnexin and an ER oxidoreductase, ERp57, both of which
are involved in the glycoprotein folding complex. (By J. Hoseki)
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いる様子を模式的に示した．2種類のアプタマ （ー ， ）はそれぞれ違う部位で機能し，GAGA因子が転写の
異なったステージで機能していることを明らかにした．
Aptamer specific inhibitory effect
Figure schematically shows inhibitory effect of each GAGA specific aptamers（ ， ）in the transcription com-
plex. Two aptamers show their effect on the different locus and it clarify the different function of GAGA factor
in the transcription.
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GAGA 因子は，DNA への結合に重要な Zn ドメイン，他の因子あるいは自己の重合化に関与する POZ ドメイ
ン，グルタミン酸残基に富み，重合化，試験管内での転写活性化に関与することが報告されている Q rich ドメイ
ンという 3 つの機能ドメインからなる．われわれの取得したアプタマーは POZ ドメインを中心とした領域に結合
し，転写を阻害する．つまり，複数の因子によって形成される転写複合体中で，GAGA 因子を介した転写因子の














Chromosome structure is a big issue of the transcriptional regulation. The binding of the transcription factor is
inhibited by the chromosome structure to prevent the improper transcription. To overcome this structure for
starting the poper transcription, GAF has a central role in Drosophila. GAF (GAGA factor) is well known as a multi-
functional factor. It has been reported that this factor involves a nucleosome remodeling at promoter region, forma-
tion of promoter proximal pausing of RNA polymerase II, and the transcription elongation. In addition, the charac-
teristic glutamine rich domain of GAF has a potential to activate the transcription by stabilizing the PIC. GAF is
also reported that moves with RNA polymerase II all way down to the 3’ end of the gene. To analyze the role of
GAF in the transcription complex precisely, we tried a new analytical approach with RNA aptamer as a molecular
forceps. We obtained two kinds of aptamer which bind to GAF with a high affinity. These aptamers bound to the
POZ domain of GAF, which is important for the protein-protein interaction, but not to the zinc finger and the glu-
tamine rich domain, although aptamers weakly prevented the GAF from binding to the GAGA element. Interest-
ingly, these aptamers inhibited the in vitro transcription on the naked DNA template. One aptamer showed the in-
hibitory effects on the transcription from the promoters containing GAGA elements when adding the aptamer be-
fore the transcription initiation. The other showed the inhibitions after the transcription initiation. The effect of this
aptamer was independent of whether the presence or absence of the GAGA element at the promoter region. How-
ever this effect was observed only on the transcription from the GAF-dependent promoter, not from the GAF-
independent promoter. These results suggest the functions of GAF in initiation, elongation or re-initiation steps via
the interaction with other factors in the transcription apparatus, which imply the importance of GAF as a regulator
throughout the whole process of transcription
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RNA aptamer is expected as a substituent of antibody therapy. To expand the application of RNA aptamer as
a cure drug or examination reagent, we tried to establish the construct protocol for more effective aptamers.
【業 績 目 録】
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（2009.12.9－12．横浜）
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原因となる．制御性 T 細胞の免疫学的特徴のひとつは，転写因子 Foxp3 を特異的に発現し，正常 T 細胞に Foxp3
を異所性に発現させれば制御性 T 細胞に機能転換できることである．即ち，Foxp3 は，制御性 T 細胞の発生・分
化のマスター制御遺伝子である．Foxp3 遺伝子プロモーター下に Cre 分子を発現させたノックインマウス，Runx1，
Runx3，また，すべての Runx の co-factor である Core binding factor-β（Cbf-β））遺伝子に loxP を挿入したマウス
系統を確立し，両者を掛け合わせることで，制御性 T 細胞特異的に Runx 分子を条件的に欠損させたマウスを作
製した．このような制御性 T 細胞特異的 Cbf-βあるいは Runx1 欠損マウスは，制御性 T 細胞全体を欠損させたマ
ウスと酷似した様々な自己免疫病，高免疫グロブリン E 血症を高率に発症した．試験管内での抑制活性も顕著に
低下していた．さらに，Cbf-βあるいは Runx1 の欠損によって Foxp3 の発現強度が減少していた．この結果は，
Runx1 が Foxp3 の機能発現に必須であることを意味し，制御性 T 細胞の機能操作の分子標的となり得ることを意
味する．
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（2）ヒト制御性 T 細胞の解析
ヒトの Foxp3＋T 細胞は，制御性 T 細胞のみならずエフェクター機能をもつ T 細胞を含む．如何にヒト制御性
T 細胞を機能的なサブセットに弁別するかに関して従来議論があった．今年度，ヒト Foxp3＋T 細胞を Foxp3 およ
び CD45RA 分子の発現程度によって，3 っつのサブセットに分類できることを示し，この分類の有効性を検討し
た．即ち，Foxp3-lowCD45-high の休止期制御性 T 細胞（resting Treg），Foxp3-high CD45RA-low のエフェクター
制御性 T 細胞（effector Treg），および Foxp3-lowCD45RA-low の非制御性 T 細胞である．抗原刺激により，resting
Treg は，effector Treg に分化，増殖し，抑制活性を発揮した後，大部分はアポプトーシスによって死んでいく．
この分類によって，サルコイドーシス，SLE などの免疫疾患では，それぞれに特徴的なサブセットの比率の変化
が見られた．さらに，自己免疫病の治療，移植免疫における臓器拒絶の抑制に制御性 T 細胞を応用する場合，rest-
ing Treg の増殖を図ることが重要であり，腫瘍免疫，微生物免疫で制御性 T 細胞機能を下げ免疫応答を亢進させ
るためには effector Treg を標的としてその減少を図ることが重要であると考えられた．
（3）新しい動物モデルを用いた関節リウマチの原因・発症機構の研究
免疫病理学的にヒトの関節リウマチと酷似する慢性関節炎を自然発症するマウスモデル（SKG マウス）を確立し，
その原因・発症機構を解析している．この自己免疫性関節炎は，IL-17 を産生する CD4 ヘルパー T 細胞である Th-
17 細胞によって媒介される．本年度，Th-17 細胞の活性化に補体の活性化が重要であることを実験的に証明した．
例えば，補体のレクチン経路は活性化する mannan を投与すると SKG マウスに関節炎を惹起できた．その分子機
構として，補体の分解産物である C5a が，マクロファージを強力に活性化し，IL-6 の産生を促し，組織由来の TGF-β
と IL-6 が関節炎惹起能をもつ T 細胞を Th-17 細胞に分化・増殖させると考えられた．この関節炎発症機構を，C
5a レセプター欠損マウスを用いて証明した．この結果は，補体が関節炎治療・予防の分子標的となり得ることを
意味する．
This department studies : (i) the role of regulatory T cells (Tregs) for the maintenance of immunological self-
tolerance and immune homeostasis ; (ii) how human Treg cells develop and control immune responses in autoim-
munity, allergy, tumor immunity and organ transplantation ; and (iii) the cause and pathogenetic mechanism of
rheumatoid arthritis by analyzing a mouse model of autoimmune arthritis.
One aspect of immunologic self-tolerance (i,e., immunological unresponsiveness of the normal immune system
of normal self-constituents) is actively maintained via a T cell-mediated dominant control of self-reactive T cells by
naturally occurring regulatory CD4＋ Tregs. We previously showed that the transcription factor Foxp3 is a master
regulator of their development and function.
This year we have attempted to understand the molecular basis of the function of Foxp3, in particular, how an-
other transcription factor Runx contributes to the function of Foxp3. We have established conditional knockout
(KO)mice in which Cre was expressed under the Foxp3 promoter and the gene encoding Runx1, Runx3, or Cbf-β, a
cofactor for all Runx proteins, was floxed. The Treg-specific Cbf-β or Runx1, but not Runx3, conditional KO mice
spontaneously developed autoimmune diseases and hyper-globulinemia E, suggesting that they are prone to de-
velop not only autoimmune disease but also allergy. Cbf-β- or Runx1-deficient Tregs also showed impaired suppres-




We have also made attempts to characterize human Foxp3＋ T cells, which appear to contain not only Treg
cells but also non-Treg cells. We have shown that the expression levels of Foxp3 and CD45RA can dissect Foxp3＋
T cells into three populations. That is, Foxp3-low CD45RA-high resting or naive Treg cells, Foxp3-high CD45RA-
low effector Treg cells, and Foxp3-low CD45RA-low non-Treg cells. Upon antigenic stimulation, naive Treg cells up
-regulate Foxp3 and proliferate, differentiating into the effector Treg population that exerts strong suppressive ac-
tivity and, after suppression, dies by apoptosis. This classification of Treg subsets is useful to assess pathophysi-
ological states of immunological diseases, for example, sarcoidosis and SLE. Further it is used to induce antigen-
specific Treg cells from enriched naive Treg cells to induce transplantation tolerance or treat autoimmune disease,
and conversely to deplete effector Treg cells to enhance immune responses for provoking tumor or microbial im-
munity.
We are also investigating the cause and pathogenetic mechanism of rheumatoid arthritis (RA) by analyzing a
mouse model (called SKG mice) established in our laboratory. SKG mice, which have a mutation of the gene encod-
ing ZAP-70, a T cell-specific signaling molecule, spontaneously develop autoimmune arthritis chiefly mediated by Il-
17-secreting CD4＋ T cells (Th-17 cells). This year, we have analyzed the contribution of serum complement to
drive the differentiation and expansion of self-reactive T cells to pathogenic Th-17 cells. For example, mannan, a
prototypic activator of the lectin pathway of complement activation cascade, evoked arthritis in SKG mice. C5a, a
product of all the complement activation pathways, activate macrophage to secrete IL-6, which together with tis-
sue TGF-β drives antigen-reactive T cells to Th-17 effector T cells mediating autoimmune arthritis. These findings
indicate that serum complement can be a key molecular target in preventing and treating autoimmune arthritis
like RA.
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体は不明である。2000 年，細胞間接着分子 E カドへリンを介して幹細胞と接着するハエの生殖細胞幹細胞ニッチ
を形成する細胞が同定されたのを契機に，米国の Li らは，骨辺縁の骨芽細胞の一種であり N カドへリンを高発現
する SNO 細胞が造血幹細胞ニッチを形成することを報告し注目された（Zhang, J. et al., Nature 425 : 836（2003））。
一方，米国の Morrison らは，造血幹細胞の多くは骨髄腔内で網の目のように分布する洞様毛細血管の周囲に存在
することを報告した（Kiel, MJ. et al., Cell 121 : 1109（2005））。しかし，Li らの報告での造血幹細胞の組織学的観察
法は十分とは言えず（Kiel, MJ. et al., Nature 449 : 238（2007）），いずれの報告においてもそれぞれのニッチ細胞の機
能が証明されるには至っていない。
私たちは，これまでに，ケモカイン CXCL12 とその生理的受容体 CXCR4 が，胎児肝，骨髄での B リンパ球の
産生や胎生期における造血幹細胞の骨髄へのホーミング（細胞が臓器に移動，定着すること）に必須であることを明
らかにし，CXCL12 の生理的な発現細胞を可視化することができる CXCL12 遺伝子座に GFP 遺伝子を挿入したマ
ウス（CXCL12－GFP ノックインマウス）を用いて，CXCL12 を高発現する細胞が胎児骨髄の血管周囲に局在し，造
血幹細胞のホーミングにおけるニッチとして働いている可能性を示した（Nagasawa, T. et al. Nature 382 : 635－638
（1996）: Tachibana, K. et al. Nature 393 : 591－594（1998）：Egawa, T. et al. Immunity 15 : 323－334（2001）：Ara, T. et
al. Immunity 19 : 257－267（2003））。また，成体骨髄においては，間質の細網細胞（ストローマ細胞）の一部に CXCL12
を高発現する細胞（以下 CXCL12-abundant reticular（CAR）細胞）が存在することを見出し，早期の B リンパ球前駆
細胞や，二次リンパ器官で抗原と反応することにより最終分化し骨髄に戻ってくる形質細胞（抗体産生に特化した
細胞），未分化造血細胞分画の大部分の細胞が CAR 細胞の長い細胞突起に接着していることを見出した（Tokoyoda,
K. et al. Immunity 20 : 707－718（2004））。
更に，CXCL12 欠損マウスと CXCR4 欠損マウスは胎生期に致死であるため，誘導性遺伝子欠損マウスシステム
を用いて成体の CXCR4 遺伝子を欠損させることにより，CXCL12－CXCR4 シグナルが，成体骨髄での造血幹細胞
数の維持に必須であることを明らかにした。一方，造血幹細胞を濃縮する分画内の細胞は，一部の骨辺縁付近に局
在する細胞を含むその大部分が CAR 細胞と接着していること，洞様毛細血管の大部分は CAR 細胞に取り囲まれ
ていることを示し，骨髄腔内にびまん性に分布し CXCL12 を高発現する CAR 細胞が造血幹細胞ニッチの本質的な






















Chemokines are a large family of small structurally related cytokines that are thought to regulate cell traffick-
ing and utilize seven-transmembrane spanning G-protein-coupled receptors (GPCR). We identified CXC chemokine
ligand 12 (CXCL12), also known as stromal cell-derived factor (SDF)-1 as pre-B-cell growth stimulating factor and
found that CXCL12 and its primary receptor CXCR4 are essential for hematopoiesis, including colonization of bone
marrow by hematopoietic stem cells (HSCs) during ontogeny, maintaining a pool of HSCs in adult bone marrow and
development of B lymphocytes and plasmacytoid dendritic cells (pDCs) as well as cardiogenesis and organ vascula-
lization during ontogeny (Nagasawa, T. et al. Nature 382 : 635－638 (1996) : Tachibana, K. et al. Nature 393 : 91－594
(1998) : Egawa, T. et al. Immunity 15 : 323－334 (2001) : Ara, T. et al. Immunity 19 : 257－267 (2003) : Sugiyama, T. et al.
Immunity 25 : 977－988 (2006)). In recent years, we have identified a small population of non-hematopoietic cells ex-
pressing high amounts of CXCL12, termed CXCL12-abundant reticular (CAR) cells with long processes. We have
revealed that CAR cells were scattered throughout bone marrow and that most HSCs, early B cell precursors, the
end-stage B lymphocytes, plasma cells and pDCs were attached to the processes of CAR cells, suggesting that CAR
cells function as the special microenvironments , termed ’niches’ for HSCs, B lymphocytes and pDCs (Tokoyoda, K.
et al. Immunity 20 : 707－718 (2004), Sugiyama, T. et al. Immunity 25 : 977－988 (2006)).
Although it has been reported that a population of osteoblasts, termed spindle-shaped N-cadherin-positive os-
teoblastic (SNO) cells (endosteal niches) or endothelial cells (vascular niches) function as niches for HSCs , we hy-
pothesize that CAR cells are a key component of HSC niches, including both endosteal and vascular niches in adult
bone marrow (Sugiyama, T. et al. Immunity 25 : 977－988 (2006)). These results raise a question what is the nature
and in vivo function of CAR cells. To address this issue, we are analyzing the expression of various lineage specific
genes in CAR cells and characteristics of CAR cells at the single cell level. On the other hand, we have generated
and analyzed the mice that allow selective ablation of CAR cells in vivo, using a diphtheria toxin receptor (DTR)-
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mediated cell knockout technique.
【業 績 目 録】
 誌上発表 
1）原著論文
Tanaka, D.H,, Yanagida, M., Zhu, Y., Mikami, S., Nagasawa, T., Miyazaki, J., Yanagawa ,Y., Obata, K., Murakami, F.
Random walk behavior of migrating cortical interneurons in the marginal zone : time-laps analysis in flat-
mount cortex. J. Neurosci. 29（5）: 1300－1311（2009）
Zhu, Y., Matsumoto, T., Mikami, S., Nagasawa, T., Murakami, F. SDF-1/CXCR4 signalling regulates two distinct
processes of precerebellar neuron and its deletion leads to abnormal pontine nuclei formation. Development
136（11）: 1919－1928（2009）
Takabatake, Y., Sugiyama, T., Kohara, H., Matsusaka, T., Kurihara, H., Koni, PA., Nagasawa, Y., Hamano, T., Matsui,
I., Kawada, N., Imai, E., Nagasawa, T., Rakugi, H., Isaka, Y. The CXCL12 (SDF-1）／CXCR4 axis is essential
for the development of renal vasculature. J. Am. Soc. Nephrol. 20（8）: 1714－1723（2009）
Janas, ML., Varano, G., Gudmundsson, K., Noda, M., Nagasawa, T., Turner, M. Thymic development beyond b-
selection requires phosphatidylinositol 3-kinase activation by CXCR4. J. Exp. Med. 2009 Dec 28. [Epub ahead
of print]
Hick, AC., van Eyll, JM., Cordi, S., Forez, C., Passante, L., Kohara, H., Nagasawa, T., Vanderhaeghen, P., Courtoy, PJ.,
Rousseau, GG., Lemaigre, FP., Pierreux, CE. BMC Dev. Biol. 9 : 66 (2009）
Kitaori, T., Ito, H., Schwarz, EM., Tsutsumi, R., Yoshitomi, H., Oishi, S., Nakano, M., Fujii, N., Nagasawa, T., Naka-
mura, T. Arthritis Rheum. 60(3）：813－823 (2009）
2）和文総説
長澤丘司，杉山立樹：“造血幹細胞ニッチ”再生医療 8, No2, 16－23.
長澤丘司：“ケモカイン”．ますます重要になる細胞周辺環境の科学技術（遺伝医学 Mook 別冊田畑泰彦編 メディ
カルドウ）（2009）
長澤丘司：カラー図説“造血幹細胞と白血病”日本臨床 67 : 10 号．1836－1839（2009）．
 学会等の発表 
1）招待講演
T. Nagasawa，第 71 回 日本血液学会学術集会 ASH-JSH Joint Symposium : Hematopoietic stem cell niche, “Bone
marrow niches for hematopoietic stem cells and the chemokine CXCL12”. (2009.10.24．Kyoto, Japan）
T. Nagasawa, The 2nd international symposium of WPI-IFReC, “The chemokine CXCL12 and bone marrow niches
for hematopoietic stem cells and immune cells”. (2009.3.12．Osaka University, Osaka, Japan）
T. Nagasawa，第 8 回 日本再生医療学会総会 “The chemokine CXCL12 and bone marrow niches for hematopoie-
tic stem cells” (2009.3.6．Tokyo, Japan）






長澤丘司 京都大学再生医科学研究所 第 4 回公開講演会“幹細胞はどこにいる～旅する血液・免疫系幹細胞と白
血病”（2009.09.26．京都）
長澤丘司 日本免疫学会 免疫サマースクール 2009“造血幹細胞，免疫担当細胞のニッシェとケモカイン CXCL
12”（2009.07.16．淡路兵庫）
長澤丘司 4 研究所 Joint Forum“造血幹細胞・免疫担当細胞のニッチとケモカイン CXCL12/CXCR4 シグナル”
（2009.01.07．熊本）
生体再建学分野
Department of Tissue Reconstruction
客員准教授 池川 志郎
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上もの患者さんがいる．椎間板ヘルニアで手術を受ける患者さんは年間 5 万人以上である．これら骨・関節の com-







Recent advance in molecular genetics has revealed genetic factors play a critical role in etiology and patho-
genesis of “common” diseases. Our goal is to clarify the genetic factors implicated in the etiology of common bone
and joint diseases including osteoarthritis, lumbar disc herniation, osteoporosis, ankylosing spondylitis. Though ge-
netic analysis including genome-wide linkage and association studies, we will identify and characterize susceptibil-
ity genes of the diseases and clarify their molecular mechanism.
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【業 績 目 録】
 誌上発表 
1）原著論文
Smits P, Bolton AD, Funari V, Hong M, Boyden E, Lu L, Manning DK, Dwyer ND, Moran JL, Prysak M, Merriman
B, Nelson SF, Bonafe L, Superti-Furga A, Ikegawa S, Krakow D, Cohn DH, Kirchhausen T, Warman ML,
Beier DR. : Abnormal Golgi architecture and lethal skeletal dysplasia in mice and humans lacking the Gol-
gin GMAP-210. New Engl J Med. 362（3）: 206－216（2010）
Saito A, Hino S, Murakami T, Kanemoto S, Kondo S, Saitoh M, Nishimura R, Yoneda T, Furuichi T, Ikegawa S, Ik-
awa M, Okabe M, Imaizumi K. : Regulation of endoplasmic reticulum stress response by a BBF2H7-
mediated Sec23a pathway is essential for chondrogenesis. Nat Cell Biol. 11（10）: 1197－1204（2009）
Murakami T, Saito A, Hino S, Kondo S, Kanemoto S, Chihara K, Sekiya H, Tsumagari K, Ochiai K, Yoshinaga K, Sai-
toh M, Nishimura R, Yoneda T, Kou I, Furuichi T, Ikegawa S, Ikawa M, Okabe M, Wanaka A, Imaizumi K. :
Signalling mediated by the endoplasmic reticulum stress transducer OASIS is involved in bone formation.
Nat Cell Biol. 11（10）: 1205－1211（2009）
Furuichi T, Kayserili H, Hiraoka S, Nishimura G, Ohashi H, Alanay Y, Llerena J Jr, Aslanger AD, Koseki H, Cohn
DH, Superti-Furga A, Unger S, Ikegawa S. : Identification of loss-of-function mutations of SLC35D1 in pa-
tients with Schneckenbecken dysplasia, but not with other severe spondylodysplastic dysplasias group dis-
eases. J Med Genet. 46（8）: 562－568（2009）
Evangelou E, Chapman K, Meulenbelt I, Karassa FB, Loughlin J, Carr A, Doherty M, Doherty S, Gomez-Reino JJ,
Gonzalez A, Halldorsson BV, Hauksson VB, Hofman A, Hart DJ, Ikegawa S, Ingvarsson T, Jiang Q, Jonsdot-
tir I, Jonsson H, Kerkhof HJ, Kloppenburg M, Lane NE, Li J, Lories RJ, van Meurs JB, Nakki A, Nevitt MC,
Rodriguez-Lopez J, Shi D, Slagboom PE, Stefansson K, Tsezou A, Wallis GA, Watson CM, Spector TD, Uit-
terlinden AG, Valdes AM, Ioannidis JP. : Large-scale analysis of association between GDF5 and FRZB vari-
ants and osteoarthritis of the hip, knee, and hand. Arthritis Rheum. 60（6）: 1710－1721（2009）
Karasugi T, Semba K, Hirose Y, Kelempisioti A, Nakajima M, Miyake A, Furuichi T, Kawaguchi Y, Mikami Y,
Chiba K, Kamata M, Ozaki K, Takahashi A, Mäkelä P, Karppinen J, Kimura T, Kubo T, Toyama Y, Yama-
mura KI, Männikkö M, Mizuta H, Ikegawa S. : Association of the tag SNPs in the human SKT Gene（KIAA
1217）with lumbar disc herniation. J Bone Miner Res. 24（9）: 1537－1543（2009）
Ozaki K, Sato H, Inoue K, Tsunoda T, Sakata Y, Mizuno H, Lin TH, Miyamoto Y, Aoki A, Onouchi Y, Sheu SH,
Ikegawa S, Odashiro K, Nobuyoshi M, Juo SH, Hori M, Nakamura Y, Tanaka T. : SNPs in BRAP associated
with risk of myocardial infarction in Asian populations. Nat Genet . 41（3）: 329－333（2009）
Meulenbelt I, Chapman K, Dieguez-Gonzalez R, Shi D, Tsezou A, Dai J, Malizos KN, Kloppenburg M, Carr A, Naka-
jima M, van der Breggen R, Lakenberg N, Gomez-Reino JJ, Jiang Q, Ikegawa S, Gonzalez A, Loughlin J, Slag-
boom EP. : Large replication study and meta-analyses of DVWA as an osteoarthritis susceptibility locus in
European and Asian populations. Hum Mol Genet. 18（8）: 1518－1523（2009）
Mori S, Kou I, Sato H, Emi M, Ito H, Hosoi T, Ikegawa S. : Nucleotide variations in genes encoding carbonic anhy-
drase 8 and 10 associated with femoral bone mineral density in Japanese female with osteoporosis. J Bone
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Miner Metab. 27（2）: 213－216（2009）
Ni H, Shi D, Dai J, Qin J, Xu Y, Zhu L, Yao C, Shao Z, Chen D, Xu Z, Yi L, Ikegawa S, Jiang Q. : Genetic polymor-
phisms of interleukin-1beta（-511C/T）and interleukin-1 receptor antagonist（86-bpVNTR）in susceptibility to
knee osteoarthritis in a Chinese Han population. Rheumatol Int. 29（11）: 1301－1305（2009）
Cheung CL, Chan BY, Chan V, Ikegawa S, Kou I, Ngai H, Smith D, Luk KD, Huang QY, Mori S, Sham PC, Kung
AW. : Pre-B-cell leukemia homeobox 1（PBX1）shows functional and possible genetic association with bone
mineral density variation. Hum Mol Genet. 18（4）: 679－687（2009）
2）総 説





池川志郎：骨系統疾患の基礎，第 2 回日本イアンドナルドアドバンストセミナ （ー2009.2.7 大阪）
池川志郎，古市 達哉：基礎と臨床を統合した，ヒトとマウスの遺伝学による疾患遺伝子へのアプローチと骨関節




薬学会 第 129 年会（2009.3.26 京都）
池川志郎：骨・関節の疾患のゲノム解析，理化学研究所・東京大学医科学研究所合同セミナ （ー2009.4.7 東京）
池川志郎：OA の病態と診断－疾患感受性遺伝子から，第 53 回日本リウマチ学会総会・学術総会，第 18 回国際リ
ウマチシンポジウム（2009.4.25 東京）
Ikegawa S. : Molecular genetics of skeletal dysplasia - How to identify the new genes.（Invited Seminar in Dept. Or-
thop. Surg.）（2009.5.4 Nanjing）
Ikegawa S. : Genetic study of bone and joint diseases.（Invited Seminar in Model Animal Research Center）（2009.5.6
Nanjing）
Ikegawa S. : Integrated approach toward bone & joint diseases using human and mouse genetics. Yokosuka Sci-
ence Festa 2009（Joint Conference of 8th Pan-Pacific Connective Tissue Societies Symposium（PPCTSS）, 41
st Annual Meeting of the Japanese Society of Connective Tissue Research（JSCTR）, and 56th Annual Meet-
ing of the Japan Matrix Club（JMC）Concurrent Meeting : Yokosuka International Conference on Cancer Mi-
croenvironments（YICCM））（2009.6.4 Yokosuka）
Ikegawa S. : From mouse to human, from monogenic to polygenic disease. Gordon Research Conference Catrilage
Biology & Pathology（Invited Seminar）（2009.6.8 Les Diablerets）
Ikegawa S. : Genetics of bone and joint diseases.（Invited Seminar）（2009.6.18 Larissa）
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Ikegawa S. : Genetics study of skeletal dysplasias focusing on the relation with common diseases.（Invited Seminar）
（2009.6.19 Larissa）
Ikegawa S. : Combined approach for bone and joint diseases using mouse and human genetics.（Invited Seminar）
（2009.6.20 Larissa）
Ikegawa S. : Common polymorphisms and risk for degenerative joiny diseases in human populations. 9th Biennial
Meeting of International Skeletal Dysplasia Society（2009.7.19 Boston）
池川志郎：骨・関節疾患のゲノム解析，日本人類遺伝学会第 54 回大会（2009.9.24 東京）
池川志郎：遺伝子診断上の注意点：ラボ／基礎サイドから，第 2 回胎児骨系統疾患フォーラム（2009.9.24 東京）
池川志郎：骨・関節疾患のゲノム解析，第 11 回日本骨粗鬆症学会骨ドック・健診分科会（2009.10.15 名古屋）
Ikegawa S. : Integrated approach toward bone and joint diseases using human and mouse genetics. The 9th Annual
Meeting of East Asian Union of Human Genetics Societies（Invited lecture）（2009.11.19 Seoul）
Ikegawa S. : Genetics of bone and joint diseases.（Invited Seminar）（2009.6.20 Seoul）
Ikegawa S. : Genomic analysis of bone and joint diseases-An integrated approach of human and mouse genetics．
（Invited Seminar）（2009.11.27 Perth）
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に対する ChM-I の作用機序については十分に解明されていない．そこで，組換えヒト ChM-I タンパク質（rhChM-I）
を調製し，ChM-I が示す最も初期の血管新生抑制応答の一つである内皮細胞遊走に対する阻害作用について詳細
に検討した．rhChM-I は Vascular Endothelial Growth Factor-A（VEGF-A）のみならず，Fibroblast Growth Factor
-2（FGF-2）や Insulin-like Growth Factor-I など種々の遊走刺激へのヒト臍帯静脈血管内皮細胞（Human Umbilical
Vein Endothelial Cells : HUVECs）のケモタキシスを阻害した．その阻害活性は約 5 nM の ID50 値を示し，対照と
して用いた Endostatin と同等以上に強力であった．また，FGF-2 へと遊走する線維芽細胞に対しては全く阻害作
用を示さなかった．これらの結果から，ChM-I は血管内皮細胞に特異的に作用することが示唆された．rhChM-I





-A 未刺激で基底状態の HUVECs の運動性に対しては，ほとんど認められなかった．従って，ChM-I は刺激依存的
なアクチン細胞骨格の再構成を阻害することにより葉状仮足の伸長を不安定化して，細胞の運動性を抑制すること









に発現している VEGF-A isoform をマウス及びニワトリ胚前肢に過剰発現させることによって血管新生を亢進させ，
内軟骨性骨形成の進展に伴う軟骨の血管侵入抵抗性の変化を解析した．その結果，いずれの VEGF-A isoform を過
剰発現させても，軟骨と軟骨膜を含む軟骨周囲組織は無血管に保たれていた．すなわち，内軟骨性骨形成の初期に
は，軟骨と軟骨周囲組織という 2 種類の異なった血管侵入障壁が存在することが明らかになった．しかしながら，
骨鞘の形成に続いて，heparin や neuropilin と相互作用する VEGF-A146，VEGF-A166，VEGF-A190 を過剰発現して
いる前肢では，早期に軟骨膜が血管化された．一旦，軟骨膜が血管化されると，骨鞘では MMP9 陽性の破骨細胞
が出現し，血管侵入部位では骨格系細胞で MMP9 や MMP13 の遺伝子発現を誘導する TGF-βのシグナリングが活
性化され，軟骨への血管侵入が誘導された．一方，heparin に結合しない VEGF-A122 や neuropilin と相互作用する
領域を欠失した VEGF-A166ΔE162-R166 を過剰発現させても，早期の軟骨膜血管化や軟骨への血管侵入は観察されな
かった．従って，軟骨への血管侵入に先立つ軟骨膜血管化では，無血管の軟骨周囲組織が VEGF-A の isoform 特
異的な応答能を獲得し，血管侵入抵抗性を失うプロセスが存在することが明らかになった．
The proper growth and differentiation signaling from the surrounding extracellular environment regulates tis-
sue formation and its functions. We are aiming at the elucidation of molecular interactions and signaling networks
ChM-I による VEGF-A 刺激に伴うアクチン細胞骨格の再構成異常







ChM-I disturbs VEGF-A-induced reorganization of actin cytoskeleton in HUVECs.
Serum-starved HUVECs were preincubated with 0.1% BSA/PBS (A and C), or rhChM-I (1 µg/ml) (B and D) for 30 min. The
cells were then stimulated with VEGF-A (25 ng/ml) (C-F) for 1 h, fixed, permeabilized, and immunostained. Focal adhesions
(green) were visualized with anti-paxillin antibody, and actin filaments(red )and nuclei (blue) were stained with phalloidin and
DAPI, respectively. The boxed areas in panel (C) and (D) are magnified in (E) and (F), respectively. Note that rhChM-I-treated
cells exhibited the reduced number of actin filaments and focal adhesions, and they were randomly oriented each other, upon
VEGF-A stimulation. The arrowhead and arrow in panel (F) indicate the shorter actin filaments and the focal adhesion poorly
linked to actin filaments, respectively. Bars, 20 µm.
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underlying mesenchymal vascularization or cartilage, bone and tendon/ligament formation. Our current research
efforts are focused on the following studies.
1. Functional analysis of Chondromodulin-I
We have previously purified and cloned Chondromodulin-I (ChM-I) as an angiogenesis inhibitor from fetal bo-
vine cartilage based on the growth inhibitory activity of vascular endothelial cells (ECs). ChM-I is expressed in the
avascular zones of cartilaginous molds and cardiac valves, and has been shown to inhibit the migration, prolifera-
tion, and tube morphogenesis of cultured ECs. Recently, we have demonstrated that the aged mice lacking ChM-I
exhibit abnormal angiogenesis in cardiac valves, suggesting the essential role of ChM-I in maintaining the tissue
avascularity. Despite these evidences showing the activity of ChM-I in vivo and in vitro , the molecular mechanism of
the ChM-I actions remains to be elucidated. To address this issue, we have prepared recombinant human ChM-I
(rhChM-I) and examined its effects on EC migration, an early regulatory step in angiogenesis. In a modified Boyden
chamber assay, ChM-I inhibited the chemotactic migration of human umbilical vein endothelial cells (HUVECs) in-
duced by Vascular Endothelial Growth Factor-A (VEGF-A) as well as by Fibroblast Growth Factor-2 (FGF-2) and
Insulin-like Growth Factor-I. The inhibitory activity was comparable to that of Endostatin, a cryptic angiogenesis
inhibitor derived from type XVIII collagen. No inhibitory effect was observed on the chemotactic migration of fi-
broblastic cells toward FGF-2. Therefore, it appears that ChM-I specifically acts on the ECs actively migrating to-
ward the chemoattractants. These actions involved the disturbed reorganization of actin cytoskeleton and focal ad-
hesions in VEGF-A-stimulated ECs. Consistent with this, VEGF-A-induced activation of Rac1 and phosphorylation
of cofilin were suppressed in HUVECs, which leads to the dysregulation of actin polymerization. Furthermore,
time-lapse microscopic analysis revealed that ChM-I inhibits the persistent extensions of lamellipodia and evokes
frequent alterations of moving front, coincident with the reduced motility and directionality of ECs upon VEGF-A
stimulation. These data showed that ChM-I impairs the VEGF-A-stimulated motility of ECs through the destabili-
zation of lamellipodial extensions. Moreover, integrin-mediated cell adhesion or VEGF signaling was not the direct
target of ChM-I, supporting the idea that ChM-I acts through a unique signal pathway that regulates the EC motil-
ity.
2. Analysis of the anti-angiogenic property of the cartilaginous bone primordium during endochondral bone formation
During endochondral bone formation, vascular invasion initiates the replacement of avascular cartilage by
well-vascularized bone and bone marrow. Vascular invasion into the cartilaginous bone primordium occurs in a
strictly spatio-temporally defined manner, but the molecular mechanism for this process is still poorly understood.
By utilizing a VEGF-A mediated gain of function approach in mouse and chick, we investigated the cellular and
molecular events associated with angiogenic switching during endochondral bone formation. Cartilage-specific
overexpression of VEGF-A164 in transgenic mice results in the hypervascularization of soft connective tissues away
from cartilage. Unexpectedly, perichondrial tissue remained avascular in addition to cartilage. Hypervasularization
similarly occurred when various VEGF-A splicing variants (VEGF-A122, VEGF-A146, VEGF-A166, VEGF-A190) were
overexpressed in the chick forelimb, but also in this case perichondrial tissue and cartilage were completely devoid
of blood vessels. However, following formation of the bony collar, anti-angiogenic properties in perichondrial tissue
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were lost and perichondrial angiogenesis was accelerated by VEGF-A146, VEGF-A166, or VEGF-A190. Once the
perichondrium was vascularized, osteoclast precursors were recruited from the circulation to the bony collar to dif-
ferentiate into MMP9 positive osteoclasts and then the induction of MMP9 and MMP13 was observed in association
with the activation of TGF-β signaling. Neither perichondrial angiogenesis nor the subsequent cartilage vasculari-
zation was accelerated by the non-heparing-binding VEGF-A122 or by the VEGF-A166ΔE162-R166 mutant lacking a
neurpilin-binding motif. Thus, perichondrial angiogenesis is a prerequisite event for the subsequent vascular inva-
sion into cartilage and is differentially regulated by VEGF-A isoforms.
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せることによって，細胞への遺伝子導入発現効率を高める（SubFection : substrate-mediated transfection）技術も

















の DDS 技術の適用は，それらの生物効果を高めることができる．このように，DDS とは，生物活性をもつ全ての
物質に適用でき，普遍的な技術である．その適用によって，物質の生物作用を高めることができる薬物の可溶化，
安定化，およびターゲティングなどの DDS 技術，方法論についても研究を進めている．











The main objective of our department is to investigate and develop methods, procedures, and technologies
which are applicable to basic and clinical medicines as well as basic research of biology and medicine from the
viewpoint of material sciences. The materials to use in the body and to contact biological substances, like proteins
and cells, are defined as biomedical materials and biomaterials. In our department, various types of biodegradable
and non-biodegradable biomaterials of polymers metals, ceramics, and their composites, are designed and created
aiming at their clinical applications as well as the development of experimental tools necessary for basic researches
of medicine and biology which scientifically support clinical medicine. We are investigating biomaterials to assist
reconstructive surgery and to apply to drug delivery systems (DDS) for the biomaterials-based improvement of
therapeutic efficacy. However, it is often difficult for patients to improve their Quality of Life (QOL) only by the
therapeutic procedure of reconstructive surgery because the biomaterials applied are of poor biocompatibility and
functional substitution. For organ transplantation, there are several problems to be resolved, such as the lack of do-
nor tissue and organ or the adverse effects of immunosuppressive agents. The two advanced medical therapies
currently available are clinically limited in terms of the therapeutic procedure and potential. In these circum-
stances, a new therapeutic trial, in which disease healing can be achieved based on the natural healing potential of
patients themselves, has been explored. This is termed the therapy of regenerative medicine, where the regenera-
tion of tissues and organs is naturally induced to therapeutically treat diseases by artificially promoting the prolif-
eration and differentiation of cells. The objective of regenerative therapy is to regenerate injured or lost tissues
and substitute organ functions by making use of cells. The regenerative medical therapy is quite different from the
reconstructive surgery and organ transplantation from the viewpoint that neither biomaterials and medical de-
vices nor immunosuppressive agents are needed. The basic idea of regenerative therapy is to give cells a local envi-
ronment which is suitable to promote their proliferation and differentiation, resulting in the cell-based induction of
tissue and organ regeneration. It is tissue engineering that is a biomedical technology or methodology to create this
environment for the natural induction of tissue regeneration. Generally, there are three factors necessary to induce
tissue regeneration, such as cells, the scaffold for cell proliferation and differentiation, and biosignaling molecules of
growth factors and the related gene, which are fundamentally 3 components constituting the body tissue. For suc-
cessful regenerative therapy of tissue and organ, it is indispensable to efficiently combine various biomaterials with
all the body components. Among biomaterials, biodegradable biomaterials play an important role in this medical
applications. Since there are few metals and ceramics with biodegradable nature, polymer materials of biodegrad-
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ability have been mainly used for this purpose. If a biomaterial is degraded to disappear in the body, it is not always
necessary to retrieve the material from the body after the function expected is accomplished. In addition, the mate-
rial should be degraded at the right time profile not to allow to physically impair the natural process of tissue re-
generation by the material remaining. Thus, biodegradable biomaterials are indispensable for the research and de-
velopment (R&D) of regenerative medical therapy, DDS or basic biology and medicine.
Our research goal is to design and create biomaterials mainly from polymers which are practically applicable
for regenerative medical therapy, stem cell technology, DDS, and medical therapy of reconstructive surgery and
internal medicine. More detailed explanation about every project is described.
1) Biomaterials for the Therapy of Regenerative Medicine
It is well recognized that cells are present in the living tissue interacting with the extracellular matrix (ECM)
of natural scaffold for the proliferation and differentiation of cells or their morphogenesis. When the body tissue is
largely lost, the ECM itself also disappears. In such a case, only by supplying cells to the defect, we cannot always
expect the tissue regeneration at the large defect. One of the possible ways to achieve successful tissue regenera-
tion is to provide a temporary scaffold for the proliferation and differentiation of cells to the defect. We are design-
ing and creating 3-dimensional and porous constructs of biodegradability as this temporary cell scaffold which is an
artificial ECM. However, even if a superior scaffold is supplied to the tissue defect, the tissue regeneration will not
be achieved without the number of cells and the amount of biosignaling molecules large enough for cell prolifera-
tion. It is one of the practically possible ways to make use of growth factors for promoted proliferation and differen-
tiation of cells. It is, however, necessary for in vivo use of growth factors to contrive their administration form be-
cause of the in vivo short half-life and instability. One possible way to break through the problem is to use the con-
trolled release of growth factor or the related gene at the tissue site to be regenerated over an extended time pe-
riod by incorporating the factor or gene into an appropriate carrier. This release technology enables the growth
factor to efficiently exert the biological activity, resulting in promoted tissue regeneration. We are designing and
preparing the biodegradable carrier of growth factors and genes from gelatin and its derivatives. A new therapy to
naturally induce tissue and organ regeneration by the controlled release of various biologically active growth fac-
tors has been achieved and scientifically demonstrated through animal experiments. Among the tissue regenera-
tion trials, clinical experiments of angiogenic and bone regeneration therapies have been started by the controlled
release technology of basic fibroblast growth factor (bFGF) and the good therapeutic efficacy is demonstrated.
Generally, in the chronic fibrotic disease, such as diluted cardiomyopathy, liver cirrhsis, lung fibrosis, and
chronic nephritis, the damaged portion of organ is often occupied with the fibrous tissue, which often causes organ
dysfunction. It is highly possible that if the fibrosis is enzymatically digested by a proper way, the fibrotic site is
naturally regenerated and repaired on the basis of the inherent regenerative potential of the surrounding normal
tissue and consequently the organ function is regenerated and recovered. We are designing and preparing a sys-
tem of drug targeting and the local release with polymers of an organ affinity to achieve the regeneration therapy
for chronic disease based on the natural healing potential of patients. Based on the drug administration therapy
which has been clinically used in internal medicine, this is called as physical regenerative therapy of internal medi-
cine. This is a therapeutic approach different from the conventional regenerative therapy of surgery where cells,
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the scaffold, and signal molecules or the combinations are surgically applied to a tissue defect for regeneration in-
duction thereat. The two surgical and physical regenerative therapies are conceptually identical from the view-
point of the positive use of natural healing potential. In addition, the basic idea of regenerative therapy will be com-
bined with interal medical therapy to open a new therapeutic field in the future. For example, the combination with
aneurysm catheter therapy has been tried, and consequently the aneurysm occlusion by the regenerated tissue-
based organization has been succeeded by the bFGF release system. On the other hand, a new cell culture technol-
ogy is being developed to enhance the cellular expression level of nucleic acid compounds, such as decoy DNA and
small interfering RNA (siRNA), with non-viral gene carriers.
2) Biomaterials for Stem Cells Technology and Basic Researches of Medicine and Biology
There are two approaches to realize regeneration medical therapy. One is the tissue engineering-based thera-
peutic approach described above. The other is cell transplantation therapy to induce tissue regeneration. For the
latter approach, it is of prime importance to efficiently obtain and prepare cells with a high potential of proliferation
and differentiation, such as stem cells, precursors, and blastic cells. In this department, the technology and method-
ology of cell culture with various biomaterials and bioreactors have been explored to efficiently isolate, proliferate,
and differentiate stem cells, precursors, and blastic cells. A series of this study not only aims at the preparation of
cells suitable for the therapy of regenerative medicine, but also research and development (R&D) of materials, tech-
nologies, and methodologies for basic medicine and biology. They are also applicable for the research of drugs de-
velopment to evaluate their metabolism and toxicity. In addition, non-viral vectors for plasmid DNA and siRNA
have been investigated to design the DDS system for gene transfection which can biologically analyze the func-
tions of stem cells and genetically engineer cells to activate the biological functions for cell therapy. For example,
we have developed a new system for the controlled release of plasmid DNA inside cells and succeeded in enhanc-
ing the level of gene transfection and the consequent gene expression as high as or higher than that of viral vector
system. In addition, a new technology of cell culturing on plasmid DNA-coated substrates with or without the com-
bination of bioreactor systems has been developed and enhanced the level of gene expression as well as prolonged
the expressed period. This reverse transfection system (SubFection : substrate-mediated transfection) is effective
in the gene transfection for stem and matured cells which have not been readily transfected by the conventional
method while it can be applied for cell internalization of low-molecular weight compounds, peptides, proteins, and
nucleic acids (siRNA and decoy DNA). We have enhanced the biological activities of plasmid DNA and siRNA with
the non-viral vectors for stem cells and could modify their biological functions and differentiation tote.
3) Biomaterials for DDS
Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-dose
administration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes the ad-
verse effects of drugs. DDS is an engineering trial which allows a drug to act at the right time the right site of ac-
tion at the necessary concentration. The objective of DDS includes the controlled release of drug, the prolongation
of drug life-time, the acceleration of drug permeation and absorption, and the drug targeting. Various biomaterials
are inevitably required to achieve every DDS objective. In this department, various research projects of DDS for
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drug and gene therapies are carried out from the viewpoint of polymer material sciences. Our definition of “drug”
is not limited only to therapeutic substances, but it means every substance with a certain biological activity and
function. The DDS technology and methodology can be also applied for preventive and diagnostic substances to en-
hance the in vivo efficacy of vaccination and diagnosis, such as magnetic resonance imaging (MRI), ultrasound diag-
nosis or molecular imaging. We are also developing DDS technology and methodology which are applicable to the
research and development of cosmetics and health care sciences. DDS is defined as an universal technology and
methodology to efficiently enhance the biological functions of a certain substance by the combination with biomate-
rials and can universally apply to any research field of which the final goal is to enhance the biological functions of
substances used.
4) Biomaterials for Surgical and Physical Therapies
This department is partly originated from the division of Molecular Design and Biomaterials of the former Re-
search Center for Biomedical Engineering where the medical applications of polymer materials have been investi-
gated extensively. Among the research activities, we continue to molecularly design and create biomaterials
mainly from biodegradable polymers aiming at the development of assistant materials in surgical and physical
therapies.
From the viewpoint of biomaterial sciences, we are actively proceeding comprehensive biological and medical
researches on the scaffold for the cell proliferation and differentiation, the DDS of growth factors and the related
genes, and the material-based technology or methodology to use stem, precursor, and blast cells and in addition,
their medical applications. Through several R&D collaborations with medical, dental, and veterinary schools as well
as private companies, we are planning to apply our basic research results to realize the regeneration induction
therapy of various tissues and organs, such as the skin, fat, bone, cartilage, nerve, hair, blood vessels, periodontium,
myocardium, and kidney as well as the DDS technologies for therapeutic, prophylactic, and diagnostic medicines,
while some biomaterials are applicable for basic of medicine and biology as the research tools.
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Our research group intends to develop engineered materials that contribute practically and efficiently to the
advanced therapeutic interventions for the treatment of diseases and traumatic injuries. These materials are ex-
pected to exhibit diverse functions in vitro or in vivo. Fundamental and applied studies are undertaken to realize
such biomaterials, taking advantage of organic materials, namely polymeric materials and state-of-the-art tech-
niques for analyzing and handling biomolecules and cells.
Research subjects currently undertaken in our department are listed below.
Surface chemistry of biomedical materials
Protein adsorption and complement activation are involved in the initial reactions against man-made materials
with living bodies. It is necessary to elucidate these mechanisms in relation to the surface properties so as to ration-
ally design biocompatible surfaces of synthetic implants. Most of information on protein adsorption and comple-
ment activation by artificial polymeric materials has been accumulated from studies with polymeric materials.
However, polymer surfaces could not be assumed rigid and immobile at equilibrium. The polymer molecules in the
vicinity of the surface or interface would exhibit motion and relaxation in response to the different interfacial envi-
ronments. Thus, it is difficult to prepare model surfaces using polymeric materials for studies of the complement
activation. Self-assembled monolayers of alkanethiols formed on a gold thin film provide well-defined model sur-
faces suitable for studies on interfacial phenomena and intermolecular interactions. The surface plasmon resonance
technique can be applied to analyze the interfacial phenomena under water. We have been studying protein ad-
sorption, complement activation, and cell adhesion on well-defined surfaces made of self-assembled monolayers us-
ing the surface plasmon resonance technique as well other analysis techniques highly sensitive for interfacial mo-
lecular events.
Polymeric materials for cell transplantation therapy
Islets of Langerhans have been transplanted to treat insulin-dependent diabetes patients. Adult pancreatic β
cells are known to have a poor growth capacity. Islets containing β cells from cadaver donors or animals should be
employed. In bioartificial pancreas, islets are encapsulated into a semi-permeable membrane and then implanted
into the diabetic patients to protect them from immune rejection. The semi-permeable membrane permits permea-
tion of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with compo-
nents of the host immune system. We encapsulated islets into agarose-based microbeads and induced normaliza-
tion of blood glucose levels of diabetic recipient mice by implanting 1000 microencapsulated hamster islets into the
peritoneal cavity.
Several research groups showed that transplantation of neural stem cells (NSCs) or NSC-derived progenitors
to the site of lesions was effective for structural and functional restoration of the central nervous system. However,
clinical applications of NSCs further require methodological advances especially for controlling the engraftment,
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proliferation, migration, and differentiation of NSCs. Our approach is to construct composite biomaterials that con-
sist of extracellular matrix (ECM) components and signaling molecules such as growth factors and cell adhesion
molecules. We are employing genetic engineering to rationally design such composite biomaterials.
Cell processing technology for regenerative medicine
Cells and ECMs are important components for regenerative medicine. In recent years, many research groups
have devoted enormous efforts to establish in vitro culture conditions in which stem cells, such as ES cells and
tissue-derived stem cells, differentiate into various functional cells. Those cells are expected to be very useful for
treatment of various diseases. Many kinds of stromal cells have been used to differentiate stem cells to functional
cells. However, most of stromal cells preferentially used are derived from mice. Some authorities who are in charge
of regulatory issue have pointed out the difficulty to rule out the possibility that retrovirus incorporated in mouse
gene will be activated and transferred to stem cells and functional cells derived from stem cells. One of our re-
search activities is focused on the development of stromal cell free culture systems used for the induction of ES
cells to various functional cells. ES cells cultured on the substrate, onto which bioactive molecules isolated from
stromal cells, are immobilized effectively differentiated to dopaminergic neurons.
Conventional cell culture substrates are not always suitable for cells used for regenerative medicine. Neurons
differentiated from ES cells in vitro are very difficult to be collected from a cell culture flask without deterioration
of cell functions, because long axons from neurons are easily damaged during detachment of neural cells from the
cell culture substrate. Cell sheets but not single cells are needed in some instance, such as regeneration of a skin
and a mucous membrane. We have been examining a film of cellulose derivatives for a cell culture substrate. Cells
cultured on it are removed by cellulose-degrading enzyme, cellulase, without damaging cells on the substrate.
Cell chips for high-throughput functional screening
Transfectional array : Functional characterization of human genes may be one of the most challengeable tasks
in the post-genome era. Due to a huge number of novel genes discovered in genomics, high-throughput methods
are required to express or silence in parallel thousands of genes in living cells. The objective of our study is to fabri-
cate transfectional arrays through patterning of self-assembled monolayers on a gold substrate and the subsequent
site-specific spotting of different expression vectors or short interfering RNAs.
Antibody array : Recent progress in stem cell research provides us with promising options of cell sources for
use in tissue engineering. However, insufficient knowledge about specific surface antigens expressed on most of
stem cells limits their application in regenerative medicine. To solve this problem, we developed a high-throughput
analytical method for typing multiple membrane proteins. Our method is based on solid-phase cytometry using an
antibody array prepared on a patterned alkanethiol monolayer.
ECM array : Arrays that display a panel of biologically-active substances on a flat plate are promising due to
their potential use in functional screening over multiple samples in a parallel fashion. We developed cell-based ar-
rays that displayed combinatorially various ECM-growth factor composites and used them for parallel and rapid
screening biomaterials that serve to maintain NSCs and direct the differentiation of NSCs.
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31 回日本バイオマテリアル学会大会（2009.11.16－17 京都）
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山本英樹，中路 正，藤田 聡，加藤功一，岩田博夫：サル ES 細胞の神経細胞への分化誘導と EGF 固定化基板
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山本英樹，寺村裕治，岩田博夫：異種細胞間相互作用による ES 細胞の三次元培養と分化制御，第 31 回日本バイ
オマテリアル学会大会（2009.11. 16－17 京都）
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Iwata H. : Cell surface modification for regenerative medicine. NIMSWEEK09, Nanobio-materials and technologies
for breakthrough in future medicine（2009.7. 21－24 Tsukuba）（招待講演）
Iwata H. : Cells surface modification with a ultra thin membrane. 2009 International Workshop on Nano Biomedi-
cine（2009.8. 21 Taiwan）（招待講演）
岩田博夫：Biointerface-Analysis+Design+Application．グローバル COE リエゾンラボ研究会（2009.9.2 熊本）（招
待講演）
岩田博夫：バイオインターフェイス－解析＋設計＋応用－．化学工学会第41回秋季大会（2009.9.16 広島）（招待講演）
Iwata H. : Cell adhesion behavior on well defined surfaces. 3rd International Symposium on Nanomedicine －Mo-
lecular Imaging for System Biology－（2009.11.4－6 Okazaki）
加藤功一：神経幹細胞機能制御のためのバイオインターフェース設計．情報バイオトロニクス研究会（2009.6.19
仙台）




Arima Y. : Effect of surface functional groups on protein adsorption and cell adhesion using self-assembled mono-
layers. ISNM2009 & Asian Core Symposium（2009.2.4－6 岡崎）（招待講演）
生体物性学分野（国内客員）
Department of Mechanical Properties
客員准教授 平井 洋平
Visiting Assoc. Prof. Yohei Hirai
【研 究 概 要】
高等生物の諸器官の構築過程には，多種多様の細胞外シグナル分子群が参加しそれぞれが時間的・空間的な活性





形態変化を促すことで知られるが，上皮細胞自身が発現するエピモルフィン類似物質 syntaxin3 および 4 について
も一部が必要時に分泌されエピモルフィンと共同して上皮挙動を精密に制御している可能性が見出された（図 1）．
今後は本知見を加味して組織の高次構造の制御技術につなげたい．
Organogenesis is directed by the concerted action of many signaling factors for tissue remodeling and cell dif-
ferentiation. Until this March our laboratory has analyzed the possible involvement of t-SNARE proteins, which
mediate fusions of cytoplasmic vesicles to a specific cell membrane, in the construction of well-shaped tissue archi-
tectures. Previously, we demonstrated that syntaxin2/epimorphin is expressed in the stromal cells and the sub-
population is secreted extracellularly to elicit morphogenic programs in adjacent epithelia. Here, we detected syn-
taxin 3 and 4 in the epithelial compartment of the mammary gland, and their peptide-tagged transgene products
appeared to be secreted extracellularly from the same cells as the c-terminally truncated form, implying that lo-
cally secreted syntaxins (syntaxin 2, 3 and 4) cooperatively and spatio-temporally control the epithelial morpho-




ならびに培地に分泌された（Sup）遺伝子産物を回収して解析した．Suntaxin2（＝epimorphin），3,4 が sup に検出





【業 績 目 録】
 誌上発表 
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Yamada, M., Oda, T., Higashi, K., Kushiyama, T., Yamakami, K., Sakurai, Y., Hirai, Y., Yamamoto, K., Hyodo, T.,
Suzuki, S, Miura, S. and Kumagai, H. Involvement of epimorphin in the repair of experimental renal fibrosis
in mice. Lab. Invest. In press
2）総 説
奥川洋司，平井洋平 エピモルフィンの膜トポロジーと生理機能 化学と生物 47, 781－785（2009）
 学会等の発表 
講演会・シンポジウム
平井洋平 機能性ペプチドの皮膚外用剤への応用可能性 再生医療の実用化に関するニーズ発表会 2009.10.10（神
戸）
客員教授 鳥光 慶一
Visiting Prof. Keiichi Torimitsu
【研 究 概 要】
生体における情報伝達機能の解明とその利用を目標に，神経伝達関連の受容体タンパク質の構造と機能の相関性
について明らかにすることにより，将来のバイオミメティックなデバイス実現の可能性について研究を進めている．









今回，ATP 受容体である P2X4 受容体，及び NMDA 受容体について検討を行い，P2X4 受容体については，構
造及び活性化に伴う構造変化と，それに対応する機能の測定に成功し，成果については PLoS Biology に掲載され



























Our interest is to understand the mechanism of information processing in the brain and to develop devices
that can communicate with the brain using receptor proteins. The key idea behind is the fusion of receptor confor-
mation/function and synaptic connection/function. We are studying the conformational changes induced by neuro-
transmitter reception to enable us to understand the relationship between conformational change and function.
Here I describe our study of (1) Conformational analysis of purified/reconstituted receptor protein by AFM (2)
Neural activity measurement using MEA (3) Bio-molecular placement/transport using lipid bilayer. Some studies
were carried with foreign universities based on collaboration, such as University of Oxford, CAS and University of
Adelaide.
(1) Conformational analysis of purified/reconstituted receptor protein by AFM
Although we know receptor protein is very important in the information processing, it is extremely difficult to
visualize the conformational changes in a receptor under physiological conditions. Only a few technologies, such as
cryogenic transmission electron microscopy and X-ray diffraction can provide us with images of single receptors.
This is because of the size of receptors and they work only in liquid. Therefore, images should be collected in liquid,
whereas most methods require dry conditions or low temperature.
We have succeeded in visualizing these receptors of P2X4 and NMDA under physiological conditions in real
time by using high-speed atomic force microscopy. The results (P2X4) were published in PLoS Biol. As the receptor
normally works with a membrane, we study either in purified or reconstituted with membrane receptors for the
analysis. We collaborate with Univ. Oxford for the analysis of AMPA receptors and found the domain effect on re-
ceptor localization.
(2) Neural activity measurement using MEA
Constructing an interface between neurons and electrical instruments is one of our goals to develop communi-
cation tools with brain. We use conducting polymer hydrogels to achieve better biocompatibility and low imped-
ance. Major challenges are to have a longer connection and to miniaturize our measurement system into an LSI
chip. We hope this could achieve implantable interface formation for medical support.
Mg is well known as a important ion in our metabolism. Its deficiency causes sever problems in our health. As
little is known, however, for their role in the neural activities, we studied change in intracellular Mg concentration
with fluorescent probe and found its relation to receptor localization.
(3) Bio-molecule placement/transport using lipid bilayer
Controlling receptor protein placement and alignment is a key to analyze their function and to develop nano-
biodevices. We are studying protein placement using either a gold nanodot array or gold nanorod array. We also
use self-spreading lipid bilayers for this purpose. Controlling self-assembly is a big challenge for achieving desired
alignments. We modified gold nanorod with lipid-membrane and found its bio-sensing capability based on the local-
ized surface plasmons. Molecular interactions were analyzed with this method.
Another approach for protein transport is to use tagging. GFP was transported with this method of using his-
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tidine tag.
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い．我々はマウス生殖顆粒の特異的な構成分子をコードする tudor 関連 Tdrd 遺伝子群の機能解析を進めている．
Tdrd1，6，7，9 ノックアウトマウスを作製した所，これら遺伝子のホモ欠損個体はいずれも雄生殖細胞の分化過
程に異常を示す事が明らかとなった．このうち TDRD1，9 はマウス piwi ファミリー MILI，MIWI2 と相互作用し，
胎仔期前精原細胞において piRNA 生合成経路を介してレトロトランスポゾン LINE-1 の RNA，エピゲノムレベル
での抑制成立に機能する事が明らかとなった．精原幹細胞の LINE-1 制御の破綻は減数分裂期で同レトロトランス
ポゾンの過剰発現を招き，ゲノム DNA 障害等による広範な細胞死を誘起する．一方，TDRD6，7 は精子細胞の
TDRD1，TDRD9蛋白質はMILI，MIWI2 蛋白質と各々異なったRNP複合体を形成し，胎仔前精原細胞におい
て inter-mitochondrial cement，processing body に局在する．これら tudor，piwi 蛋白質は piRNA経路を介して
レトロトランスポゾンのRNA，エピゲノムレベルでの抑制に働く．
TDRD9 and TDRD1 associate with MIWI2 and MILI respectively and form discrete subcellular compartments,
which correspond to processing bodies and inter-mitochondrial cement in fetal prospermatogonia. These piwi
and tudor proteins function in the piRNA pathway and retrotransposon silencing.




れない．Chromatoid body は RNA 代謝に関わる processing body と構成分子が類似しており，現在 TDRD6, 7 と


















The germline is the cell lineage that gives rise to full ontogenesis of individuals and transmits genetic informa-
tion to next generations. During the differentiation of germ cells, important biological processes take place, such as
epigenetic reprogramming, establishment of pluripotency and genetic DNA recombination. Our current research
focuses on (1) the molecular characterization of germinal granules/nuage, germline-specific ribonucleoprotein
(RNP) assemblies in the cytoplasm, (2) the regulation of meiotic entry and chromatin dynamics, and (3) the molecu-
lar systems governing stem cell niche environments.
(1) One structural characteristic observed in the germline is a cytoplasmic RNP domain called germinal gran-
ules or nuage. The germinal granule/nuage is evolutionarily conserved in divergent animals, suggesting its essen-
tial and common role in the germline, but the precise molecular and physiological function(s) remains unclear. We
are working on the tudor-domain containing (Tdrd) genes, mainly Tdrd1, 6, 7 and 9, which encode for specific com-
ponents of mammalian germinal granules/nuage. Gene-targeted disruption of Tdrd1, 6, 7 and 9 all led to male-
specific sterility due to postnatal defects in spermatogenesis. Among these, TDRD1 and TDRD9 cooperate with
piwi proteins, MILI and MIWI2, respectively, and function non-redundantly in retrotransposon silencing at RNA
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and epigenetic levels in spermatogonial stem cells and following spermatogenesis. In contrast, Tdrd6 and 7 func-
tion in haploid spermiogenesis. Tdrd6 and 7 mutants show abnormal spermatid differentiation with aberrant chro-
matoid body architectures. Chromatoid bodies, a specialized form of germinal granules/nuage in spermatids, share
some of their components with somatic processing bodies (p bodies), a form of mRNPs implicated in degradation or
translational control of mRNAs. We are now addressing the possible function of TDRD6 and 7 in the regulation/
metabolism of RNA.
(2) Molecular mechanisms controlling meiotic entry and chromatin dynamics are important research subjects
in cell and developmental biology. We previously showed that primordial germ cells in mice autonomously enter
into meiosis when cultured in vitro and identified a factor that suppresses this meiotic transition from mitosis. Re-
cently, we established another in vitro culture system that induces meiosis initiation of an established germline
stem cell line derived from spermatogonia. By using this culture system, we identified signaling molecules that pro-
mote or inhibit meiosis from mitotic spermatogonial stem cells. We are now undertaking biochemical and genetic
characterization of these signaling pathways in vitro and in vivo. Meanwhile, we have carried out genome database
screening and identified candidate genes that possibly participate in chromatin regulation in germline cells in mice.
Further studies on these gene functions are in progress.
(3) Stem cells are responsible for replacing damaged or dying cells in various adult tissues throughout a life-
time. Stem cell behavior has been shown to be controlled by specialized regulatory microenvironments i.e. “niche”
in many organisms. However, niche signals in many stem cell systems are still poorly defined. The Drosophila testis
is one of the premiere stem cell models to study molecular mechanisms governing stem cell self-renewal, differen-
tiation and niche regulation. We previously showed that TGF-beta signaling from somatic cells is essential for main-
taining germline stem cells (GSCs) in the Drosophila testis and are currently addressing how TGF-beta signaling
maintains GSCs in Drosophila.
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【研 究 概 要】
4 つの転写因子（Oct3/4, Sox2, Klf4 および c-Myc）をレトロウイルスベクターで導入することにより，ヒトとマウ
ス線維芽細胞を多能性細胞へ変化させることに成功した．この人工多能性幹（induced pluripotentstem ; iPS）細胞
と名付けられた細胞は，遺伝子発現や試験管内での分化能のみならず，キメラマウスの生殖系列にも寄与し，胚性




ることが分かっている．癌抑制遺伝子 p53 を siRNA
を用いて機能抑制することでヒト iPS 細胞の樹立効率
が上昇することが分かっていたが，そのメカニズムは




























in vitro differentiation by embryoid body(EB)formation. Endoderm
(SOX17), mesoderm (α-SMA) and ectoderm (NESTIN) marker-





We have discovered that the retroviral transduction of four transcription factors, Oct3/4, Sox2, Klf4 and c-Myc,
could change human and mouse fibroblasts into a pluripotent state. We named these reprogrammed cells induced
pluripotent stem (iPS) cells. These iPS cells have been observed to notably contribute to adult chimera mice and
also their offspring through the germ line. Patient, or disease-specific iPS cells are therefore considered to possibly
help elucidate the pathogeneses of diseases, while also being useful for drug screening, toxicology studies and re-
generative medicine. However, some critical issues, such as their low efficiency and tumorigenicity, still remain to
be overcome before the clinical application of iPS cells can be successfully achieved.
The efficiency of the reprogramming process, however, remains low. Pluripotency can be induced without c-
Myc, but only at the cost of an even lower efficiency. A p53 (also known as TP53 in humans and Trp53 in mice)
short-interfering RNA (siRNA) has been recently shown to promote human iPS cell generation, but the specificity
and mechanisms of this phenomenon remain to be determined. We also reported that up to 10% of transduced
mouse embryonic fibroblasts lacking p53 successfully transformed into iPS cells, even without the use of the Myc
retrovirus. Such p53 deletion also promoted the induction of integration-free mouse iPS cells with plasmid transfec-
tion. The suppression of p53 also increased the efficiency of human iPS cell generation. We also showed that con-
ducting reprogramming under hypoxic conditions resulted in an improved efficiency for both mouse and human
cells.
We evaluated the teratoma-forming propensity of the secondary neurospheres (SNS) generated from several
mouse iPS cell lines. The teratoma-formation of SNS from embryonic fibroblast-derived iPS cells was similar to that
of SNS from embryonic stem (ES) cells. In contrast, SNS from iPS cells derived from different adult tissues varied
substantially in their teratoma-forming propensity, which correlated with the persistence of undifferentiated cells.
In order for induced Pluripotent Stem (iPS) cells to be successfully applied to therapeutic usage, the accom-
plishment of a xeno-free culture is critical. We demonstrated that human induced Pluripotent Stem (iPS) cells could
be established and maintained on isogenic parental feeder cells. This result suggests that autologous fibroblasts
may therefore be useful as not only a source for iPS cells, but also as feeder layers. Our results therefore suggest
that it may be possible to solve this dilemma using isogenic fibroblasts as feeder layers for iPS cells. This is an im-
portant step toward the establishment of clinical grade iPS cells. （文責：中川）
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いては，すでに Kuzbanian/ADAM10 が血管形成に関与していることが報告されており，我々もメルトリン β/
ADAM19 が心臓形成に関与することを明らかにしている．それに対して，血液における ADAM の役割や機能は
解明されていない．そこで我々は，まず，ヒトやマウスの EST データベースをサーチして，どの ADAM が血液
で発現しているかを調べた．その結果，血液や造血組織に限局して高発現を示す ADAM 遺伝子を見つけることが
できた．ゼブラフィッシュでも，そのオーソログの zADAM が造血組織である腎臓で限局的に発現していた．そ
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Development and regeneration require various kinds of intercellular signaling and adhesion molecules. Many
intercellular signaling molecules are generated as membrane-anchored proteins, and they are subjected to prote-
olytic processing to liberate their extracellular domains (ectodomain shedding). Our research has been focused on
regulatory roles of ADAM (A Disintegrin And Metalloprotease) family proteins in such cell-cell interactions and
the ectoodmain shedding. Evidence suggests that ADAM (A Disintegrin And Metalloprotease) family proteases
are involved in the ectodmain shedding of various membrane proteins, and participate in developmental processes
and diseases. Meltrin beta (ADAM19), for example, plays a role in the ectodmain shedding of membrane-anchored
growth factor neuregulin/ glial growth factor, and participates in the multiple processes including heart develop-
ment, formation of neuromuscular junction, and Schwann cell differentiation during regeneration. Here we would
like to present a novel role of an ADAM protease during development.
The primitive blood, the first The earliest blood is generated in blood islands in the yolk sac of mammals and in
the and an intra-embryonic structure called as the intermediate cell mass (ICM) inin teleosts. However, mecha-
nisms Howhow the first the blood enters the circulation from these structures isare largely unknown. In this study,
we By monitoring RFP- and GFP-labeled blood precursors and blood vessels, respectively, here we show that the
onset of blood circulation occurs synchronously in the live zebrafish (Danio rerio ). This synchrony is achieved by re-
tention of erythroid precursors on the lumen of blood vessels after transmigration transmigrate from the sub-aortic
region one after another, and then, by almost simultaneous release of these precursors into the plasma flow. The
latter process requires zADAM, a member of a disintegrin and metalloprotease (ADAM) family. Biochemical analy-
ses suggest that cell adhesion molecules such as P-selectin glycoprotein ligand-1 (PSGL-1) are substrates of zADAM
8. We propose that proteolysis-dependent detachment of blood precursors from blood vessels triggers the onset of
blood circulation.
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【研 究 概 要】
本研究分野では，（1）マウス胸腺再生過程で高頻度に発生する胸腺リンパ腫における Notch1 遺伝子 5’領域欠損






1 遺伝子 5’特定領域の欠損が生じていることを，これまでにわれわれは PCR で確認している．Notch1 は正常な胸
腺細胞の分化に重要で，上記の遺伝子欠損がおこれば恒常的に増殖シグナルが入ると考えられる．今年度はまず，
環境化学物質 ENU で誘導した胸腺リンパ腫における Notch1 遺伝子 5’領域欠損の有無を調べた．その結果意外に
も，ENU 誘導胸腺リンパ腫のほぼ半数から（24/51）欠損を検出した．すなわち，Notch1 遺伝子 5’領域欠損が放射
線誘発胸腺リンパ腫に特有ではないことを明らかにした．次に欠損の生じた対立遺伝子の割合を real time RCR で
調べたところ（図 1），多くの場合すべての細胞は一方の対立遺伝子で欠損がおこっていた．しかしながら一部の胸
腺リンパ腫では，欠損を持つ細胞とまったく持たない細胞が共存していた．このことは，腫瘍細胞の増殖過程で
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45.1 マウスが，通常の BALB/c マウス（CD45.2）と比較して，高頻度で，頭や背中の皮膚炎，アレルギー性結膜炎
や中耳炎を発症することを報告してその原因を解析してきた．その過程で，BALB/c.CD45.1 マウスにおけるこれ
らの免疫異常は，生体レベルでは Th2 サイトカインの亢進や IgE 産正異常，細胞レベルでは T 細胞や B 細胞の活
性化亢進が認められ，原因がリンパ球活性の調節異常によると思われることが分かった．リンパ球活性化に重要な
シグナル伝達系分子の解析から，CD45.1 マウスでは，CD45.2 マウスに較べて，リンパ球表面の CD45 分子の PTPase
活性が年齢とともに有意に低下していることが示され，CD45.1 マウスにおける免疫異常の原因が，リンパ球活性
化の調節異常であることが示唆された．また，抗 CD45 抗体を用いて T 細胞や B 細胞表面の CD45 分子を架橋す




Our research aim focuses on two areas. (1) Analysis of a deletion at the 5’ region of the Notch1 gene among
murine thymic lymphomas that are highly formed during regeneration of atrophied thymi and (2) Mechanism of
the control of lymphocyte function by CD45 in BALB/c.CD45.1 mouse model.
図 1 1頭のマウスに発生した胸腺リンパ腫であるにもかかわ
らず一部の細胞でのみNotch1 遺伝子 5’領域を欠失して
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1. Analysis of a deletion at the 5’ region of the Notch1 gene among murine thymic lymphomas that are highly formed
during regeneration of atrophied thymi
Irradiation or administrating a mutagen to mice causes atrophy of their thymi. Normally, immigrating stem
cells from bone marrow and intensive proliferation and differentiation of survived thymocytes regenerate the thy-
mus. However, malignant proliferation is often observed during this process. Our PCR analysis has recognized a
specific deletion at the 5’ region of the Notch1 gene from 25 of 60 thymic lymphomas induced by X-ray irradiation.
Notch1 is indispensable for the normal differentiation of thymocytes and the deletion is expected to result in consti-
tutive growth. This year, we first examined ENU-induced thymic lymphomas for the 5’ deletion of the Notch1 gene
and found that nearly half of them (24/51) possessed it, indicating that the deletion is not necessarily specific to
irradiation-induced thymic lymphomas. Next we revealed that the portion of the alleles with the deletion by real
time PCR (Fig. 1). In many lymphomas all the cells had a normal allele and a deleted allele. Nevertheless, some lym-
phomas consisted of cells with two normal alleles and cells retaining a deleted allele. The latter cases show that the
region was deleted after the start of the tumorigenic expansion. As a next step, we are going to investigate the re-
lationship between the deletion and other oncogenic mutations at the Notch1 gene.
2. Mechanism of the control of lymphocyte function by CD45 in BALB/c.CD45.1 mouse model.
CD45 is specifically expressed in hematopoietic cells and carries the transmembrane receptor-type structures
in the extra-membrane domains as well as the phosphotyrosine-specific phosphatase (PTPase) activities in its
transmembrane domain. The function of CD45 is considered to be important in the development/differentiation of
hematopoietic cells and the control of lymphocyte activation after antigen stimulations. However, the wide variety
of its functions and the molecular mechanism of the functions as well as its ligand(s) are still unclear. The BALB/c.
CD45.1 congenic mice which we established in our laboratory spontaneously develop atopic dermatitis in skins as
well as allergic inflammatory diseases in eyes and ears after 6 months of age, and the occurrence of these disorders
are depend upon the hyper production of Th2 cytokines and IgE in the blood. Biochemical analysis revealed that
tyrosine phosphorylation of signaling molecules such as Jak3/Stat6 in lymphocytes in aged BALB/c.CD45.1 mice
was significantly higher than that in normal BALB/c mice, suggesting that the disfunction of control mechanism of
lymphocyte activation causes the diseases in BALB/c.CD45.1 mice. Because the activation of Jak3/Stat6 is indis-
pensable for lymphocyte activation, and CD45 is involved in the regulation of Jak3/Stat6, our results suggest that
PTPase activity of CD45 in aged BALB/c.CD45.1 lymph node B-cells is reduced as compared to normal BALB/c B-
cells. Using the assay method that directly quantitate the PTP activity of CD45 molecules, we demonstrated that
PTPase activity of CD45 molecules in aged BALB/c.CD45.1 mice was significantly lower than that in normal mice
and the cross-linking of CD45 molecules in lymphocyte membrane caused the decrased PTPase activities of CD45,
suggesting that disfunction of the control mechanism in lymphocyte functions might be involved in the occurrence
of immune disorders in BALB/c.CD45.1 mice (Fig 2).
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2009 年はホスト脳環境に着目し，マトリゲルとの同時移植でマウス ES 細胞由来神経前駆細胞の生着やドーパミ
ン産生神経への分化が促進されることを報告した（図 1）．その機序として，マトリクスとしての足場効果以外に炎
症細胞の浸潤抑制効果も示唆された．今後はマトリクスを供給すると同時に神経栄養因子や炎症抑制因子の徐放を
検討している．また，MPTP 投与で作製した霊長類パーキンソン病モデルへの移植では未分化ヒト ES 細胞の残存
が腫瘍形成の原因となることを明らかにし，現在この腫瘍の解析を進めている．
We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially
embryonic stem cells (ES cells) and induced pluripotent stem cells (iPS cells). The main target is Parkinson’s disease,
and our research focuses on induction of dopaminergic (DA) neurons from these cells and transplantation of the
cells into the brain to improve neurological symptoms. So far, we have demonstrated that transplantation of
monkey ES cell-derived neurons improved the Parkinsonian symptoms of the monkey models. In addition, we have
図 1 マウスES細胞由来神経前駆細胞のマトリゲルとの脳内同時移植．4週間後の免疫染色では移植片のサイズ，生
着した TH陽性細胞（赤色）数とも細胞単独移植と比べて増加していることが確認された．
Fig. 1 Transplantation of ES cell-derived NPCs with or without gfrMG. Mouse ES cell-derived NPCs were grafted
with (B right, C) or without (A, B left) gfrMG. Immunohistochemistry four weeks after transplantation shows that
grafted cells(green in A-C)survived in the striatum, and that some differentiated into TH-positive DA neurons




revealed a method to prevent tumor formation. Now, we are inducing DA neurons from human ES and iPS cells,
and developing a safe and efficient method for clinical application of these cells.
In 2009, we have reported that growth factor-reduced matrigel (gfrMG) supported survival and DA
differentiation of mouse ES cell-derived neural progenitor cells in the mouse brain (Fig. 1). It not only provided
scaffold for the cell survival but also prevented inflammatory cells to invade into the graft. We think this approach
is useful and we are developing a bio-matrix system which secretes neurotrophic factors and/or inhibitors of
surrounding inflammation. We have also revealed that human ES cells can cause tumor formation in the brain of
MPTP-treated monkeys. We are now investigating the histology of these tumors.
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年 9 月 1 日に施行された「ヒト幹細胞を用いた臨床研究に関する指針」に基づいた臨床研究として京都大学医学部
医の倫理委員会及び厚生労働大臣諮問委員会に申請し，平成 19 年 11 月 25 日国内初の承認を受けた．平成 20 年 2
月 5 日に第一例の治療を開始し，平成 21 年 12 月末までに 15 例の治療を施行した．最終的に 20 例に対し施行し，
2 年間の経過観察後，治療成績を評価する予定である．
5．骨軟骨再生に対するプロスタノイド受容体作動性物質の応用
細胞を用いた再生医療と同時に，薬剤等による in situ での組織再生の探求も重要な課題である．我々は生理活
性物質であるプロスタノイドに注目し，その受容体特異的作動薬の応用を検討してきた．まずプロスタグランディ
ン E2 受容体の中の EP2 受容体に特異的に作用するアゴニストにより，軟骨細胞の増殖が促進されることを報告し，












Figure 1. Bone regeneration using MSCs isolated by the device
A, Device and isolating procedures. Apply bone marrow aspirates to the device to attach MSCs to no-woven fabrics(left panel),
and then collect MSCs by retrograde flow of collecting medium.
B, Bone regeneration using MSCs isolated by the device. Animal models of osteonecrosis model of were created in scapholu
nate of dogs by liquid nitrogen treatment, and β-TCP was transplanted with or without MSCs isolated by the device. Four
weeks after transplantation, bone regeneration was evaluated by micro CT and hisological specimens stained by HE. Good
bone regeneration was observed in MSCs-transplanted cases.
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能とする画期的な細胞である．我々は平成 20 年 1 月 22 日に設立された京都大学 iPS 細胞研究センターの一員とし
て，iPS 細胞に関する研究を行っている．現在のテーマは，iPS 細胞からの MSC の誘導法の樹立，樹立細胞源と
して骨髄間質細胞と皮膚線維芽細胞の異同，及び骨軟骨関連難治性疾患患者からの iPS 細胞の樹立である．
（文責 戸口田淳也）
The major objectives of our department are to understand the basic biology of growth and differentiation of
mesenchymal cells and to develop new therapeutic modalities for pathological conditions in mesenchymal tissues.
Following projects are currently undertaken.
1. Regulation of growth and differentiation potential of mesenchymal stem cells
Mesenchymal stem cells (MSC), which exist in bone marrow stromal tissues, have a potential to differentiate to
cells of various types in mesenchymal tissues. However, many fundamental features of MSC are still unknown,
which are crucial for the development of regeneration therapy using MSC as the evidence based medicine. In col-
laboration with the Department of Orthopaedic Surgery in Kyoto University Hospital, we have analyzed the
growth and differentiation potential of primary human MSCs. As for the growth regulation, we found that in-
creased expression of the p16 gene, which is a key regulator of cell cycle, was the main cause inducing the senes-
cence and growth arrest of MSC. We also found that the hypoxic culture condition inhibited the upregulation of the
p16 gene, and retained MSCs in the senescence-free state with multidirectional differentiation properties. We also
found that hypoxia down-regulated the activity of ERK, which, at least in part, involved in the down-regulation of
the p16 gene. These finding will help to identify factors responsible for multidirectional differentiation properties of
MSC and to understand the basic biology of MSC.
2. Establishment of surveillance system for transformation of MSC
Cancer cells are now considered to be derived from stem cells resided in each tissue, and therefore MSCs are
potentially progenitors of malignant tumors developed in the mesenchymal tissues, sarcomas. There are a number
of reports showing that not only murine but human MSCs could be transformed in vitro under standard culture
condition. This issue should be seriously considered to promote the regenerative medicine in mesenchymal tissues
using MSC. As one of important initial mutations, we have focused on the methylation of the p16 gene and found
that the methylation of the p16 gene took place during the in vitro culture of MSC elongating the in vitro life. Based
on these findings, we have established the methods to detect cells with methylated p16 gene by the combination bi-
sulfite treatment and of methylation-specific quantitative PCR. Using this method we can detect one cell with
methylated p16 gene among 10,000 normal cells, which will be proposed to JIS as one of standard method to evalu-
ate the safety of MSCs.
3. Development of a new device for isolating MSCs.
To apply MSCs for the cell therapy in various fields, it is an important issue to develop efficient and safe
method to isolate MSCs. In collaboration with an industrial company, we have developed a new device composed of
non-woven fabrics (Figure 1). Cells isolated by this device regenerated bone tissues in animal model of osteonecro-
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sis as well as cells isolated by conventional centrifuge method. This device will be a useful tool for clinical applica-
tion of MSCs.
4. Clinical trial of the new treatment for osteonecrosis using MSC.
As the clinical application of MSC, we have engaged in the development of cell transplantation therapy for os-
teonecrosis. Based on the results obtained by the animal experiments using dogs, we established the protocol for
the clinical trial in collaboration with Center for Cellular and Molecular Therapy in Kyoto University Hospital,
which followed the guideline for the clinical trial using somatic stem cells issued by the the Ministry of Health, La-
bour and Welfare (MHLW) on September 1, 2006. After the review of ethical committee of Kyoto University and
MHLW, our protocol was approved on November 25, 2007, and the first case was registered on November 31, 2007.
Since then 15 cases have been treated until the end of December 2009. Twenty cases will be treated during two
years, followed for two years, and evaluated by radiological and clinical examination.
5. Application of agonist for the PGE2 receptors for the articular cartilage repair
In addition to the development of cell therapy, it is also important to develop the in situ treatment using drugs
or small molecular materials. We have focused on prostanoids, which belong to physiological active materials, and
applied receptor agonists for the regeneration therapy. First we focused on EP2, which is one of four types of
prostaglandin E2 receptor, and reported that the agonist specific to EP2 stimulated the growth of mouse and hu-
man chondrocytes extracted from articlular cartilage. Based on these results, we have performed the in vivo ex-
periments using rabbits , and found that in combination with appropriate drug carriers, EP2 agonist enhanced the
cartilage regeneration in vivo, and also contributed to reconstruct the osteo-chondral boundary, which is important
factor to maintain normal structure of articular cartilage. As for second issue, we analyzed the prostacyclin signals,
and found that the agonist for IP, which is a receptor for postacyclin, increased bone mass of rat model for osteopo-
rosis. These receptor-specific agonists are promising molecules for clinical application.
6. Research related to iPS cells
iPS cells are autologous pluripotent cells, which were established by Prof. Shinya Yamanaka on November
2007. We have been engaging the research related to iPS cells as the faculty member in the Center for iPS Re-
search and Application, Kyoto University, which was established on January 22, 2008. Current themes are ; the in-
duction of MSC from iPS cells, the difference between bone marrow stromal cells and skin fibroblasts as the cell
source for iPS cells, and the establishment of iPS cells from patients suffering bone and cartilage diseases with no
effective treatments.
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の最適化に一定の成果を得た．また，PVA ゲルの物質放出能を検討し，ブドウ糖・インスリンは 10 分程度で放出
が完了するが，IgG はほとんど放出しない（透過しない）ことを確認した．
また，in vitro では増殖せず長期培養が困難な膵島細胞と，高い増殖能を有する間葉系幹細胞とを細胞融合させ





Our final goal is to establish regenerative medicine for diabetes mellitus, which should be a safe and effective
therapy available whenever and wherever required for a growing number of diabetes patients world-wide. In se-
verely diabetic patients, pancreas or islet transplantation is indicated, if good control of blood glucose levels is not
available. However, donor shortage and complications due to immunosuppressive therapy are inevitable problems
of allo-transplantation. In addition, islet transplantation that drew attention as a promising curable treatment has
become less attractive because of rather a short duration of insulin-free period after transplantation. Therefore,
current transplantation therapies are still far from our dream. In such circumstances, regenerative medicine for
diabetes is looked forward to, with great expectations.
In order to develop regenerative medicine for diabetes mellitus, there are several different approaches such as
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enhancement of patient’s own islet regeneration, auto- or allo-geneic islet-like cells differentiated from somatic, em-
bryonic or induced pluripotent stem cells in vitro and xeno-geneic islets isolated from the pancreas of animals e.g.
pigs. However, as long as non-self cells are used and even autologous cells are used to type-1 diabetes that has auto-
immune background, efficient immunosuppression should be required. In order to avoid it, we are diligently study-
ing bio-artificial pancreas, in which islet cells are encapsulated by several kinds of semi-permeable membrane and
thereby protected from host immune responses. In fact, clinical trial of micro-encapsulated porcine islets are ongo-
ing in a few foreign countries, showing certain beneficial effects.
We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these is-
lets, we have successfully shown the efficacy of several macro-devices of bioartificial pancreas. In contrast to micro-
encapsulation that does not allow complete retrieval, macro-devices are retrievable and exchangeable, which is im-
portant advantage toward clinical application. In our past studies, mesh-reinforced polyvinyl alcohol (PVA) tube
and bag, rod-shaped device of agarose containing polystyrene sulfonate, anti-complement substance, and so on
were investigated in allo- and xeno-geneic situations. We have also shown that the subcutaneous site pretreated for
angiogenesis can be successfully used for transplantation site of these devices, leading to long-term normalization
of blood glucose levels in diabetic mice. Recently we developed a novel method to make a sheet-shaped PVA-
macroencapsulated islets by a combination of the freezing technique of islets and the phenomenon that PVA solu-
tion becomes gel by freezing and thawing. Briefly, islets are suspended in islet freezing solution containing PVA
and this viscous solution is molded into a mesh-reinforced sheet and then frozen. This method enables us to make a
device of any size with any shape that may be applicable to bigger animals and humans.
Using this macro-device, we recently examined this device in iso- and allogeneic situations in rats and found
that hyperglycemia can be improved as long as 24 weeks, although the effect gradually weakened, in the allo-
geneic situation in that transplanted free islets are promptly rejected (Wistar to Lewis). On the other hand, in iso-
geneic situation (Lewis to Lewis) in which free islets shows life-time engraftment, the effect of the device attenu-
ates in a similar manner as in the allo-geneic situation. Therefore, we have made some basic improvement for long-
lasting function and also demonstrated that the PVA gel is permeable for glucose and insulin but hardly so for IgG.
Other related researches are as follows. We have established a method of cell fusion between islet cells and
mesenchymal stem cells and obtained results suggesting that such cells show persistent insulin-release in vitro and
more efficient after transplantation. In addition, we found that PDX1 (the master gene of the pancreas)-positive un-
differentiated cells can be cultured from exocrine tissue residual after islet isolation. And, in collaboration with Pro-
fessor Oshimura and his colleagues of Tottori University, We are studying the possibility of the induction of human
artificial chromosome carrying several genes to such cells toward diabetes therapy.
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体内再生 in situ Tissue Engineering です．すなわち，自己の細胞が増殖，分化できる適切な足場を体内に与えるこ
とによって，損傷を受けた自己の臓器が本来の構造と機能を再生出来るようにしています．研究の方法としては，
























に応用するものです．このようなin situ Tissue Engineeringは世界に先駆けて我々が提唱してきた方法であり，
人工気管や人工神経などはすでに臨床応用され，これによって救われる患者さんの数も着々と増えてきています．
この新しい技術は 21 世紀の医療の中心的柱になるものと考えています．
In situ Tissue Engineering : We have devised a completely new approach to the development of artificial
organs. The main procedure using tissue engineering for tissues and internal organs involves the removal of the
Adipose-derived stromal cells (ASCs) include stem cells, which have the potential to differentiate into a variety of
cell lineages. These stem cells can differentiate into like neurons when they are implanted in the cerebral cortex (ar
rows). This technology belongs to in site tissue engineering and it is promising for regeneration of a variety of tissues.
脂肪由来間質細胞の中には，様々な細胞に分化する能力を持った幹細胞が含まれている．これら脂肪組織由来の幹細




cell component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular
matrix (ECM) and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted
structure is then employed as scaffolding, which after implantation into the patients is used for the regeneration or
re-differentiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate in this manner not
only possess highly differentiated tissue structures, but also show functional recovery, because all the cells are
derived from the patients themselves. Whether or not our new method is practicable will depend mainly on the
intrinsic regeneration capacity of each tissue. Up to now, in higher mammals including man, it has been believed
that highly differentiated organs lose their ability to regenerate. We consider that mammals do not, in fact, lose this
potential, and that the potential is hidden by excessively rapid wound healing around the failing tissues. In this
sense, if we can provide good conditions using refind ECM, we can induce this hidden potential even in higher
mammals. We have already carried out succeessful trials at regenerating peripheral nerves, the esophagus, the
trachea, and blood vessels with this method. A similar method is also applicable to other soft tissue organs such as
the liver, heart, and lung, as well as the spinal cord. These results will be welcomed by patients who are dependent
on palliative life-support systems, or transplantation candidates who are waiting for suitable donors. An additional
benefit is that patients will be freed from the side effects of immunosuppressive drugs. The judgment of the brain
death can then be discussed separately from the issue of transplantation, and will become a personal problem.
Further more, this new approach help to reduce ever-expanding medical costs, which are in danger of destroying
our health insurance system in the near future.
No study based on these concepts has ever been done either in Japan or abroad. In this sense, our pioneering
work is expected to be a major area of medical science for the coming generation.
Strategy and targets of our study
The target organs currently being considered for this development project are the heart, heart valves,
esophagus, stomach, intestine, gallbladder, trachea, lung, liver, kidney, peripheral nerves, spinal cord, cornea,
tendons, ligaments, cartilage, bone, fatty tissue, periodontal tissue, and permanent teeth. We plan to employ the two
majour methods as described below.
ECMMethod
To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-organs.
The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then applied to
facilitate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the living body as a
temporary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will also be applied instead
of purified ECM as a bulk structure for organ regeneration. Both extracted collagen and growth factors are should
facilitate cell proliferation and cell redifferentiation, leading to regeneration of organs completely composed of cells
derived from patients.
Cell+ECMMethod
Cells (or living tissues) of patients are complexed (mixed) with purified ECM or bioabsorbable material. Using
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this complex, reconstruction of the failing tissues or organs will be attempted. Mesenchymal stem cell (MSC)
obtained from the bone marrow is now applied to this method.
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【再生実験動物施設の現状について】
附属再生実験動物施設では，平成 20 年度イヌ；121 頭，ネコ；4 匹，サル；4 頭，ウサギ；23 羽，チンチラ；3
匹，ラット；131 匹，マウス；12,891 匹が実験動物として飼養された（京都大学動物実験委員会「動物実験に関す
る自己点検・評価報告書」平成 21 年 7 月版による）．これらの実験動物の日常的な飼育・管理を専任准教授 1 名・







南部総合研究実験棟（2002 年 12 月設置，再生医科学研究所，ウイルス研究所，医学部の 3 部局による共同研究
実験棟）マウス飼育室は稼動を開始してから 7 年が経過した．現在，SPF マウス飼育室全 16 室中，再生研；12 室，



























研究テーマ 1. GPI アンカー型タンパク質の代謝メカニズムと受精
現在の当研究室のメインテーマは，膜結合タンパク質の一種であるグリコシルフォスファチジルイノシトール
（GPI）アンカー型タンパク質（GPI-AP）の代謝メカニズムの解明とその生殖細胞系列での生物学的意義の探究であ
る．このため，まず，個体内での GPI-AP の局在を網羅的に解析するために，GPI アンカー型 GFP レポーター蛋
白質（EGFP-GPI）を構築した．これを導入したトランスジェニックマウスでは，予想以上に EGFP-GPI が，外分泌
腺や精巣において遊離していることを見い出した（Kondoh G. et al. FEBS lett. 458, 299－303, 1999）．
以後，この現象に特に着目し，マウス精巣生殖細胞より GPI-AP 遊離因子の精製・構造解析を行った．その結果，
この因子のひとつとしてアンギオテンシン変換酵素（ACE）を単離した．すなわち，この酵素には，アンギオテン
シン I やブラディキニンなどの昇圧ペプチドの活性を制御するのみならず，多くの GPI-AP を細胞膜より遊離する
精子受精能獲得（capacitation）誘導によるGPI アンカー型GFPの shedding．methyl-β-cyclodextran 処理により精子頭部の蛍光
が消失した（矢印）．このことから，精子受精能獲得とGPI アンカー型タンパク質遊離との相関が示唆された．上段：未処理精
子，下段：処理精子．尾部の蛍光はバックグラウンド．






受精能が回復した．このことから，ACE は in vivo で GPI-AP 遊離活性（GPIase）があり，この活性をもって受精に
重要な役割を担っていることが示唆された（Kondoh G. et al. Nat. Med., 11, 160－166, 2005）．
そこで我々は，ACE の受精における機能をさらに追究するためジペプチダーゼ不活性型 tACE（精巣型アイソ




作用していると考えられた．すなわち tACE は，GPIase 活性により精子上で機能すると同時に精巣上体内におい
てジペプチダーゼとして機能し，二元的に受精に関与していることが示唆された（Deguchi E. et al. Biol. Reprod., 77,
794－802, 2007）．
また，本年度は tACE の酵素活性に対する糖鎖修飾の影響を検討した．tACE の N 末端側には，体細胞型（sACE）
にはない 36 アミノ酸残基からなる特異領域がある．この領域はセリン・スレオニンリッチで，O 型糖鎖修飾を受
けることが報告されていたが，その生物学的意義は不明であった．そこで我々は，この領域の O 型糖鎖が結合す
ると予想された 9 か所のスレオニン残基を全てアラニンに置換した変異体を作製した．この変異体では，O 型糖鎖
の付加が検出限界以下であったが，いずれの活性も変異体と野生型とで有意差はなかった．一方，野生型 tACE
を CHO 細胞で発現させて得た分子の両活性を，COS7 細胞由来分子と比較したところ，ジペプチダーゼ活性は同
等であったが，GPIase 活性は CHO 由来分子のほうが有意に高かった．そこで，これらの分子の糖鎖プロファイ
リングを，レクチンアレイ（LecChipTM）を用いて解析した．その結果，両分子間で糖鎖プロファイリングの違いが
認められた．これらのことから，O 型糖鎖の有無は tACE の両活性の基盤に影響は与えないものの，そのプロファ








ンジェクション機器の購入や煩雑なメインテナンスのいらない方法を可能にした（Kondoh G. et al. J. Biochem. Bio-
phy. Methods., 39, 137－142, 1999）．これらの技術集約のもとに，過去 5 年間で 13 件の遺伝子改変マウス作出に参加
した．
We have previously found that the angiotensin-converting enzyme (ACE) carries GPI-anchored protein releas-
ing activity (GPIase) as well as dipeptidase activity. Testicular ACE (tACE), the male germinal specific isozyme,
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plays a crucial role in male fertilization. The amino-terminal region of this isozyme is different from that of somatic
isozyme (sACE) and contains potential O-linked glycosylation sites. By multiple mutagenesis after an in silico pre-
diction, amino acid residues acquiring O-glycans were assigned. Both GPIase and dipeptidase activities were com-
pared between O-glycan null mutant and wild-type molecules, but no differences were found. Furthermore, the
wild-type tACE was produced in two different cells (COS7 and CHO) and its activities compared. The GPIase activ-
ity, but not dipeptidase, was apparently higher for CHO-derived molecule than COS7. Sensitivity to neuraminidase
and O-glycosidase digestions and the profile of glycosylation were quite different between these two molecules.
Moreover, serial digestions with neuraminidase and O-glycosidase have no influence on GPIase activity of both
molecules, suggesting that the sialylation and the presence of O-glycan has no influence on tACE enzyme activities,
while the set of glycans modulate GPIase activity.
【業 績 目 録】
 誌上発表 
1）原著論文
Kondoh, G., H. Watanabe, Y. Tashima, Y. Maeda, T. Kinoshita : Testicular angiotensin-converting enzyme with dif-
ferent glycan modification : characterization on glycosylphosphatidylinositol-anchored protein releasing and
dipeptidase activities. J. Biochem., 145, 115－121（2009）.
Watanabe, Y., K. Inoue, A. Okuyama-Yamamoto, N. Nakai, J. Nakatani, K-I Nibu, N. Sato, Y. IIboshi, K. Yusa, G. Kon-
doh, J. Takeda, T. Terashima, T. Takumi : Fezf1 is required for penetration of the basal lamina by olfactory
axons to promote olfactory development. J. Comp. Neurol., 515－5, 565－584（2009）．
Mukai, A., T. Kurisaki, S-B. Sato, T. Kobayashi, G. Kondoh, N. Hashimoto : Dynamic clustering and dispersion of
lipid rafts contribute to fusion competence of myogenic cells. Exp. Cell Res., 315, 3052－3063（2009）．
Shoji, M., T. Tanaka, M. Hosokawa, M. Reuter, A. Stark, Y. Kato, G. Kondoh, K. Okawa, T. Chujo, T. Suzuki, K. Hata,
S-L. Martin, T. Noce, S. Kuramochi-Miyagawa, T. Nakano, H. Sasaki, R-S Pillai, N. Nakatsuji, S. Chuma. : The
TDRD9-MIWI2 complex is essential for piRNA-mediated retrotrasposon silencing in the mouse male germ
line. Dev. Cell, 17, 775－787（2009）．
2）著 書
近藤 玄：受精担当分子としてのアンギオテンシン変換酵素：GPI アンカー型タンパク質遊離機能との相関．医学
のあゆみ「レニン・アンギオテンシン系のすべて」228 巻 5 号，p513－516，2009．
 学会等の発表 
学会・研究会発表
渡邊仁美，谷 妙子，村上 惇，折橋 郁，近藤 玄：マウス精子における GPI アンカー型タンパク質動態を追
跡するためのレポーターマウスの作出と解析．第 56 回日本実験動物学会，2009.5.14～5.16，さいたま市．
竹村浩昌，東城博雅，近藤 玄：遺伝子変異マウスを用いたホスホリパーゼ B／リパーゼの生理的機能の解析．第
Institute for Frontier Medical Sciences
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82 回日本生化学会，2009.10.21～10.24，神戸市．






Stem Cell Research Center
霊長類胚性幹細胞研究領域
Laboratory of Embryonic Stem Cell Research
分野主任 准教授 末盛 博文
Assoc. Prof. Hirofumi Suemori
【研 究 概 要】
ヒトES細胞株の樹立と特性解析
霊長類胚性幹細胞研究領域ではヒト ES 細胞の医療応用を目指した基盤研究を行っている．これまでに 5 株のヒ
ト ES 細胞株を樹立し，うち 3 株は 2004 年 3 月から，2 株は 2009 年 4 月から分配を行っている．これまでに 50 件
以上の研究計画に対して細胞株を分配し多くの研究成果が上げられている．









の開発が必要である．我々は，ヒト ES 細胞でのインテグリンの発現パターンから，ES 細胞の接着に重要な機能
を持つと考えられるラミニンアイソフォームを遺伝子組み換えにより作製し，その ES 細胞の増殖や未分化性維持
に及ぼす影響を解析した．その結果，インテグリンの発現パターンに対応するラミニン 332，511 が ES 細胞の維
持に有効であることがわかった．これらは組み換え蛋白質として生産可能であるため品質管理も比較的容易であり，
ES 細胞の医療応用に大きく寄与すると考えられる．
Laboratory of Embryonic Stem Cell Research, Stem Cell Research Center.
Establishment and analysis of human ES cell lines.
Embryonic stem (ES) cell lines are pluripotent stem cell lines which can be propagated indefinitely in culture
retaining their differentiation potency into every cell types of tissues in the body. Since establishment of human ES
cell lines were reported, clinical use of functional tissues and cells from human ES cells are expected. In Japan,
there have been many demands for use of human ES cells on basic and pre-clinical researches. We started to estab-
lish human ES cell lines using donated frozen embryos in January 2003 and successfully established 5 human ES
Institute for Frontier Medical Sciences
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cell lines. We have distributed these cell lines to over 50 researches.
Function of laminin isoforms in the mainitenance of human ES cells.
Human embryonic stem cells (hESCs) are thought to be promising cell sources for cell transplantation therapy.
For in such a clinical application, hESCs should be manipulated using appropriate and qualified materials. While
several xeno-free and/or defined media for the culture of human embryonic stem cells(hESCs)have been developed,
most of those media still require using Matrigel, a basement membrane derived from mouse EHS tumor, as a basal
scaffold on the surface of the culture vessels. In this study, we focused the laminin, which is a major component of
Matrigel?, and examined the efficacy of recombinant human laminin(rhLM)isoforms on the undifferentiated growth
of hESCs. When the hESCs were seeded onto rhLM isoforms, the cells indeed adhered markedly to rhLM-332, and
to rhLM-511 and rhLM-111 to a lesser extent. The hESCs logarithmically proliferated on those three rhLMs for sev-
eral passages while preserving their pluripotency. On the contrary, the hESCs barely adhered on rhLM-211 and
rhLM-411 and did not show the significant growth. These results show that rhLM-111, -332, and -511 are good sub-
strates to expand undifferentiated hESCs due to their high affinity to integrin α6β1 expressed on hESCs.
【業 績 目 録】
 誌上発表 
1）原著論文
Nishigaki T, Teramura Y, Suemori H, Iwata H. Cryopreservation of primate embryonic stem cells with chemically-





Fukumitsu K, Ishii T, Yasuchika K, Amagai Y, Saitoh M, Kawamoto T, Kawase E, Suemori H, Nakatsuji N, Ikai I,
Uemoto S. Establishment of a cell line derived from mouse fetal liver that have the character to promote the
hepatic maturation of mouse embryonic stem cells by co-culture method. Tissue Eng Part A.（2009）Jun 26.
（in print）
Yamauchi K, Hasegawa K, Chuma S, Nakatsuji N, Suemori H. In vitro germ cell differentiation from cynomolgus
monkey embryonic stem cells. PLoS ONE.4（4）: e5338（2009）
Taura D, Noguchi M, Sone M, Hosoda K, Mori E, Okada Y, Takahashi K, Homma K, Oyamada N, Inuzuka M,
Sonoyama T, Ebihara K, Tamura N, Itoh H, Suemori H, Nakatsuji N, Okano H, Yamanaka S, Nakao K.
Adipogenic differentiation of human induced pluripotent stem cells : comparison with that of human embry-
onic stem cells. FEBS Lett. 583（6）: 1029－33（2009）
Mitsui K, Suzuki K, Aizawa E, Kawase E, Suemori H, Nakatsuji N, Mitani K. Gene targeting in human pluripotent
stem cells with adeno-associated virus vectors. Biochem Biophys Res Commun. 388（4）: 711－7（2009）
 学会等の講演 
学会・研究会発表
末盛博文：「初めてのヒト ES 細胞．培養と分化誘導」第 8 回核ダイナミクス研究会・企画ワークショップ「遺伝
情報場に迫る多角的アプローチ」（2009.6.18－20 伊豆市）
Miyazaki T, Futaki S, Hasegawa K, Kawasaki M, Sanzen N, Hayashi M, Kawase E, Sekiguchi K, Nakatsuji N,
Suemori H. Recombinant human laminin isoforms are effective in culture of human embryonic stem cells.
International Society for Stem Cell Research, 7th Annual Meeting（2009.7.8－11 Barcerona, Spain）
Suzuki K, Mitsui K, Aizawa E, Hasegawa K, Kawase E, Suemori H, Nakatsuji N, Mitani K. Highly efficient transient
gene expression and gene targeting in human embryonic and induced pluripotent stem cells with helper-
dependent adenoviral vectors. International Society for Stem Cell Research, 7th Annual Meeting（2009.7.8－
11 Barcerona, Spain）
Hasegawa K, Jia-Ling T, Suemori H, Nakatsuji N, Kahn M, Pera F,M, Kahn M. Development of a novel xeno-free hu-
man embryonic stem cell culture system using small molecules” International Society for Stem Cell Re-
search, 7th Annual Meeting（2009 7.8－11 Barcerona, Spain）
Suzuki K, Mitsui K, Aizawa E, Hasegawa K, Kawase E, Suemori H, Nakatsuji N, Mitani K. Highly efficient transient
gene expression and gene targeting in human pluripotent stem cells with helper-dependent adenoviral
vectors American Society of Gene Therapy 12th Annual Meeting（2009 5.27－30 San Diego USA）
Aizawa E, Mitsui K, Suzuki K, Suemori H, Nakatsuji N, Mitani K. Optimization Of Vector Design For Lentiviral
Gene Transfer Into Human Embryonic Stem Cells American Society of Gene Therapy 12th Annual Meeting
（2009 5.27－30 San Diego USA）
Institute for Frontier Medical Sciences
附属幹細胞医学研究センター－１１９－
幹細胞分化制御研究領域
Laboratory of Stem Cell Differentiation
分野主任 准教授 山下 潤
Assoc. Prof. Jun K. Yamashita
【研 究 概 要】
幹細胞分化制御研究領域では，ES 細胞（胚性幹細胞：embryonic stem cells）及び iPS 細胞（人工多能性幹細胞：
induced pluripotent stem cells）を用いて，心血管系の細胞分化・再生に関する研究を行っている．
ES 細胞は，全ての種類の細胞に分化することができるいわゆる「万能」幹細胞と考えられている．この全能性（plu-











て in vitro において中胚葉，さらには血管の
構成細胞である血管内皮細胞と壁細胞（血管
平滑筋細胞およびペリサイト）を選択的に分化誘導し，最終的に血管としての高次構造を in vitro および in vivo に
おいて構築すること，いわば血管の発生過程を再現することに成功した（Yamashita, Nature, 2000）．この in vitro
分化系では，Flk1 陽性細胞を共通の前駆細胞として，内皮細胞，壁細胞，血球細胞が分化し，さらにそれらの細
胞が血管としての高次構造を形成する．また，中胚葉由来の細胞の一つである心筋細胞も同様に Flk1 陽性細胞か
ら分化誘導することと共に新しい心筋前駆細胞の同定に成功している（Yamashita, FASEB J, 2005）．また最近では，
動静脈リンパ管内皮細胞分化や心筋ペースメーカー細胞などさらに多様な心血管細胞の分化誘導を行っている
（Yamashita, Trends Cardiovasc Med, 2007 ; Yanagi, Stem Cells, 2007 他）（図）．最近我々は，免疫抑制剤のサイクロ
スポリン A が Flk1 陽性中胚葉細胞に特異的に作用し，心筋前駆細胞及び心筋細胞の分化を促進する，という全く
新しい作用を見出した（Yan, Biochem Biophys Res Commun, 2009）．また，血管内皮細胞分化を培養下において構
成的に再現することにより，Protein kinase A が血管前駆細胞の VEGF への感受性を変化させて内皮細胞分化を促
進していること（Yamamizu, Blood, 2009），及び Notch と β-catenin が直接相互作用することにより動脈内皮への運





ウス iPS 細胞を用いた心血管系細胞の分化誘導に成功した（Narazaki, Circulation, 2008）．
このように我々の ES 細胞を用いた in vitro 分化系は，心血管および血球という循環器系の細胞群を系統的に分
化誘導することができ，心血管の発生分化過程を培養下に恣意的に操作しながらしかも経時的に観察できる．従っ
て，この分化系を用いることにより心臓血管の発生分化のメカニズムを細胞レベル，分子レベルで検討し，ノック
アウトマウスの形質解析に依存していた分化の分子機構の解析を in vitro で行うという新しいアプローチが可能に
なったと考えられた．
現在，この ES 細胞 in vitro 分化系を用いて，以下のようなプロジェクトを遂行及び予定している．
1．ES 細胞 in vitro 分化系を用いた血管細胞分化・多様化の分子機構の解析
1）DNA チップを用いた網羅的血管分化関連遺伝子の同定
2）RNA 干渉を用いた in vitro 遺伝子機能解析系の構築（Hiraoka-Kanie, Biochem Biophys Res Commun, 2006）
3）動静脈・リンパ管内皮特異的分化誘導と内皮細胞多様化機構の解析（Yurugi-Kobayashi, Arterioscler Thromb
Vasc Biol, 2006 ; Kono, Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007 ;
Yamamizu, J Cell Biol, in press）
4）cAMP 及び PKA による血管前駆細胞の分化能調節機構（Yamamizu, Blood, 2009）




3）人工生体材料を用いた新しいハイブリッド人工血管の開発（Huang, J Artif Organ, 2005）．
3．ES 細胞からの心筋細胞の分化誘導
1）2 次元培養による新しい ES 細胞からの心筋細胞分化誘導法の開発と新しい心筋前駆細胞の同定（Yamashita,
FASEB J, 2005）．
2）心筋細胞 in vitro 分化系を用いた心筋分化・多様化の分子機構の解析
3）ES 細胞由来心筋細胞自動能形成機構の解析（Yanagi, Stem Cells, 2007）





京都大学臨床病態医科学との共同研究により，サル ES 細胞からの血管分化誘導に成功した（Sone, Circula-
tion, 2003）．
2）ヒト ES 細胞からの血管分化誘導
京都大学臨床病態医科学申請の輸入ヒト ES 細胞を用いた血管分化研究に参画（Sone, Arterioscler Thromb
Vasc Biol, 2007 ; Yamahara, PLoS One, 2008）．
3）ヒト ES 細胞からの心筋細胞分化誘導
ヒト ES 細胞使用計画「ヒト ES 細胞を用いた心血管細胞分化機構に関する研究」（研究代表者・山下 潤，
平成 17 年 3 月 10 日文部科学大臣承認）




1）マウス iPS 細胞を用いた心血管分化系の構築（Narazaki, Circulation, 2008 ; Best Paper Award in Basic Sci-
ence category, Circulation 2008）
2）ヒト iPS 細胞からの心血管細胞分化誘導法の開発
3）iPS 細胞分化システムのケミカルバイオロジー及び創薬応用（Nakao, Bioorg Med Chem Lett, 2008）（早稲田大
学他との共同研究）
Main theme of our research : Elucidation of cellular and molecular mechanisms of cardiovascular development and
the application to cardiovascular regeneration using in vitro differentiation system of embryonic stem (ES) cells and
induced pluripotent stem (iPS) cells.
Peviously, we established a novel in vitro vascular differentiation system of ES cells (Yamashita, Nature, 2000).
Using ES cell-derived Flk1 (VEGF receptor-2)-positive mesodermal cells as starting material, we can induce all of
the vascular cellular compartments, that is, endothelial cells, mural cells (vascular smooth muscle cells and peri-
cytes) and blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment and blood cell inside
are formed from Flk1+ cell aggregates in 3-D culture. Thus, this in vitro system should reproduce the early process
of vascular development. And we also demonstrated that the transplanted vascular cells induced by this system
could contribute to developing vasculature in vivo. Moreover, we have succeeded in inducing cardiomyocytes from
Flk1+ cells, and identifying a novel cardiac progenitor cells (Yamashita, FASEB J, 2005). Recently, we succeeded in
inducing arterial, venous, and lymphatic endothelial cells (Yamashita, Trends Cardiovasc Med, 2007 etc). All of car-
diovascular cellular components, thus, could be induced in our in vitro differentiation system (Fig. 1). Recently, we
found that an immunosuppressant, cyclosporine-A, possesses a novel effect to potently induce cardiomyocytes and
cardiac progenitors from Flk1+ mesoderm cells (Yan, Biochem Biophys Res Commun, 2009). Using our constructive
induction system for vascular cells, we demonstrated that protein kinase A (PKA) enhances vascular progenitor
potential to endothelial competent through dual upregulation of VEGF receptors, Flk1 and neuropilin1, in Flk1+
cells (Yamamizu, Blood, 2009).Moreover, we also demonstrated that Notch and β-catenin directly interact in Flk1+
cells and determine arterial endothelial cell fate (Yamamizu, J Cell Biol, in press).
Recently, we have started new research with the use of novel adult tissue derived pluripotent stem cells, in-
duced pluripotent stem (iPS) cells, and succeeded in systematic cardiovascular cell differentiation of mouse iPS
cells (Narazaki, Circulation, 2008). Research projects using human iPS cells for cardiovascular regeneration have
been already launched.
In this system, we can manipulate the fate of cell differentiation, observe the behavior of differentiating cells,
purify and obtain cells at various differentiation stages. This system provides us possibilities to dissect the mecha-




1．Elucidation of cellular and molecular mechanisms of vascular cell differentiation and specification using ES cell in
vitro differentiation system.
1）Comprehensive molecular cloning of genes for endothelial cell differentiation by global gene expression pro-
file with DNA chip
2）Novel in vitro functional assay system using vector-based siRNA expression (Hiraoka-Kanie, Biochem Bio-
phys Res Commun, 2006).
3）Specific induction of various endothelial cells types (i.e., arterial, venous, and lymphatic) and investigation of
the mechanisms for endothelial specification (Yurugi-Kobayashi, Arterioscler Thromb Vasc Biol, 2006 ; Kono,
Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007 ; Yamamizu, J Cell Biol, in
press).
4）PKA in the regulation of vascular progenitor potential (Yamamizu, Blood, 2009)
5）Significance of rheological force on endothelial differentiation and diversification (Yamamoto, Am J Physiol
Heart Circ Physiol, 2005).
2．Application of induced vascular cells to vascular regeneration
1）Evaluation of appropriate differentiation stage of donor cells for cell transplantation. (Yurugi-Kobayashi.
Blood, 2003).
2）Improvement of the efficacy of recruitment, contribution, and survival of donor cells, by modifying gene ex-
pressions in donor cells.
3）Development of novel hybrid vessels with ES cells and artificial scaffolds (Huang, J Artif Organ, 2005).
3．Cardiomyocyte induction from ES cells
1）Establishment of a novel cardiomyocyte induction system in 2-dimentinal culture (Yamashita, FASEB J,
Fig. 1 : Cardiovascular development in ES cell in vitro differentiation system
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2005).
2）Dissection of cellular and molecular mechanisms of cardiomyocyte differentiation
3）Ion channels to reconstitute automaticity of ES cell-derived cardiomyocytes (Yanagi, Stem Cells, 2007)
4）Specific and efficient expansion of cardiac progenitor cells and cardiomyocytes by cyclosporine-A (Yan, Bio-
chem Biophys Res Commun, 2009).
5）Application to cardiac regeneration - Novel cardiac progenitor therapy
4．Cardiovascular differentiation using primates ES cells
1）Vascular cell differentiation from monkey ES cells (Sone, Circulation, 2003) (Collaboration with Department
of Medicine and Clinical Sciences, Kyoto University Graduate School of Medicine).
2）Vascular cell differentiation from human ES cells (Sone, Arterioscler Thromb Vasc Biol, 2007 ; Yamahara,
PLoS One, 2008) (Collaboration with Department of Medicine and Clinical Sciences)
3）Cardiomyocyte differentiation using human ES cells
Our human ES cell research project “Research for differentiation mechanisms of cardiovascular cell differen-
tiation using human ES cells” has been approved by the Science Ministry of Japan (2005.3.10).
5．Cardiovascular differentiation and regeneration using induced pluripotent stem (iPS) cells (Collaboration with De-
partment of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University).
1）Establishment of cardiovascular cell differentiation system of mouse iPS cells (Narazaki, Circulation, 2008 ;
Best Paper Award in Basic Science category, Circulation 2008).
2）Cardiovascular cell differentiation and regeneration from human iPS cells.
3）Application of iPS cell differentiation system to chemical biology and drug screening (Nakao, Bioorg Med
Chem Lett, 2008).
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2）和文総説
山下 潤．「iPS 細胞研究の現状と展望」循環器科・特集「循環器疾患の再生医療 update」66 : 472－480, 2009．科
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Yamamizu K, Yamashita JK. Converged signaling of Notch and beta-catenin in differentiating vascular progenitors
determines arterial identity. - Identification of a novel arterial-specific protein complex-，第 73 回日本循環
器学会．2009. 3. 20－22．大阪
Yamamizu K, Yamashita JK. Converged signaling of Notch and beta-catenin in VEGFR2+ vascular progenitor cells
confers arterial-venous specification, 7th Stem Cell Research Symposium, 2009. 5. 15－16．東京
Uosaki H, Yan P, Yamashita JK. DIFFERENTIATION STAGE-SPECIFIC EFFECT OF CYCLOSPORINE A ON
MESODERM POTENTLY INDUCES CARDIAC PROGENITORS AND CARDIOMYOCYTES FROM EM-
BRYONIC STEM CELLS., International Society for Stem Cell Research（ISSCR）7th annual meeting（poster），
2009.7.8－11, Barcelona, Spain
Narazaki G, Yamashita JK. Differentiation properties of various mouse induced pluripotent stem cell lines into car-
diovascular lineages. ISSCR 7th Annual Meeting（poster），2009. 6. 8－11. Barcelona, Spain
Yamamizu K, Kawasaki K, Watabe T, Yamashita JK. Protein kinase A enhances differentiation potentials of vascu-
lar progenitors through dual induction of Flk-1 and Neuropilin-1. ISSCR 7th annual meeting（poster）, 2009.7.8－
11, Barcelona, Spain
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Fujiwara M, Yan P, Otsuji TG, Uosaki H, Narazaki G, Matsuda H, Matsuoka S, Takahashi K, Nakao K, Nakatsuji N,
YamanakaS, Yamashita JK. Induction of functional cardiomyocytes from mouse and human induced pluripo-
tent stem cells. ISSCR 7th annual meeting（poster），2009.7.8－11, Barcelona, Spain
魚崎英毅．ES 細胞からの心筋分化と増殖に関する研究，京都大学大学院教育コース「再生医療・臓器再建」優秀
賞，2009.8.1－2，滋賀
Yamamizu K, Kawasaki K, Katayama S, Watabe T, Yamashita JK. Enhancement of vascular progenitor potential
by Protein kinase A through dual induction of Flk-1 and Neuropilin-1. 2009 特定領域「がん」合同若手ワー
クショップ．2009. 9. 1．長野
Yamamizu K, Kawasaki K, Watabe T, Yamashita JK. PKA promotes endothelial cells differentiation via expression
of Flk-1 and Neuropilin-1．第 17 回日本血管生物医学会．2009. 10. 8－9．東京
Uosaki H, Yamashita JK. Embryonic stem cell-derived cardiomyocyte, differentiation and proliferation., Kyoto uni-
versity Global COE ”Center for Frontier Medicine” International Symposium / Retreat 2009, 2009.11.6－8，兵庫
楢崎元太，山下 潤．人工多能性幹（iPS）細胞からの心血管細胞分化誘導と応用．第 19 回日本循環薬理学会．2009.
11. 27． 京都
Yamamizu K, Kawasaki K, Katayama S, Watabe T, Yamashita JK. Protein kinase A enhances endothelial cell differ-
entiation potential in vascular progenitors．2009 年京都大学再生医科学研究所学術講演会．2009. 12. 14．京都
2）講演・シンポジウム
山下 潤．iPS 細胞からの心血管系への分化誘導．第 2 回 iPS 細胞研究産業応用懇話会．2009. 2. 2．京都
山下 潤．ES 細胞及び iPS 細胞を用いた心血管分化再生研究．平成 20 年度歯科学術講演会．2009. 2. 23．京都
山下 潤．ES 細胞・iPS 細胞からの心筋分化研究，第 8 回日本再生医療学会総会シンポジウム「ES 細胞研究の現
状と課題」（招請講演）．2009. 3. 5－6．東京
Yamashita JK. Research for cardiovascular development and regeneration with ES and iPS cells. Waseda-NUS
Joint symposium, “Chemical EPIgenomics”- The fusion of epigenomics, stem cell biology and chemical biol-
ogy（invited）. 2009. 3. 11－13. Singapore.
山下 潤．Perspectives of induced pluripotent stem cells in regenerative medicine．第 73 回日本循環器学会トピッ
ク「再生医療 2009」（招請講演）．2009. 3. 20－22．大阪
Yamashita JK. Cardiac Progenitors and Cardiomyocytes from Induced Pluripotent Stem Cells．第 73 回日本循環器
学会プレナリーセッション” Frontiers in Regeneration with Pluripotent Cells”（招請講演）．2009. 3. 20－22．
大阪
山下 潤．ES 細胞及び iPS 細胞を用いた心血管分化再生研究．日本産業皮膚衛生協会会員研修会．2009. 3. 24．京
都
山下 潤．ES 細胞及び iPS 細胞を用いた血管分化・多様化・再生機構の解析．日本内分泌学会シンポジウム「血
管新生と心血管系内分泌の新展開」（招請講演）．2009. 4. 23－25．前橋
山下 潤．ES 細胞および iPS 細胞を用いた心血管分化再生研究．次世代創薬研究所セミナー．2009. 4. 24．高崎
山下 潤．ES 細胞および iPS 細胞を用いた心血管分化再生研究．高瀬川カンファレンス．2009. 5. 19．京都




Yamashita JK. Cardiovascular cell differentiation from ES and iPS cells. EMBO Workshop, Lymphatic and Blood
Vasculature : from models to human disease（invited）．2009. 6. 4－5. Helsinki, Finland.
山下 潤．再生医療の新展開－ES 細胞及び iPS 細胞を用いた心血管分化再生研究－．第 19 回臨床検査専門医会春
季大会（特別講演）．2009. 6. 13．富山
山下 潤．ES 細胞及び iPS 細胞を用いた心血管分化再生研究．第 12 回小児心血管分子医学研究会（特別講演）．2009.
7. 15．神戸
山下 潤．ES 細胞及び iPS 細胞を用いた心血管分化再生研究．第 2 回 Vascular Medicine 研究会．2009. 7. 24．東
京
Narazaki G, Yamashita JK. Cardiovascular cell differentiation from ES and iPS cells. FASEB Summer Research
Conference 2009（invited）．2009. 8. 2－7. Lucca, Italy
Yamashita JK. Vascular cell differentiation & diversification from ES and iPS cells. The 7th Korea-Japan Joint Sym-
posium on Vascular Biology（invited）．2009. 8. 20－21. Seoul, Korea
Yamamizu K, Kawasaki K, Katayama S, Watabe T, Yamashita JK. Augmentation of vascular progenitor potential
by Protein kinase A through dual induction of Flk-1 and Neuropilin-1 ; Presentation of Young Investigator
Award, The 7th Japan-Korea Joint Symposium on Vascular Biology, 2009. 8. 20-21. Seoul, Korea
山下 潤．ES 細胞及び iPS 細胞を用いた心血管分化再生研究．日本薬学会「生体機能と創薬シンポジウム 2009」（招
請講演）2009. 8. 26－27．東京
Yamashita JK. iPS cells for cardiovascular research. JSPS presents, Sweden - Japan Joint Colloquium,“Advances in
Cellular Reprogramming and Stem Cell Biology”（invited）．2009. 9. 5. Stockholm, Sweden
山下 潤．iPS 細胞からの系統的心血管細胞誘導システム．独立行政法人医薬基盤研究所「基盤研セミナー」．2009.
9. 29．大阪
山下 潤．ES 細胞及び iPS 細胞を用いた心血管分化再生研究．第 14 回静岡健康・長寿学術フォーラム（招請講演）．
2009. 10. 3．静岡
Yamashita JK. Cardiovascular cell differentiation and diversification from ES and iPS cells. KSMBMB 2009 Annual
International Conference, Symposium “Cardiogenesis, Angiogenesis, and Lymphangiogenesis”（invited）．
2009. 10. 29－30. Seoul, Korea.
山下 潤．iPS 細胞による心臓再生．第 13 回日本心不全学会学術集会シンポジウム「心臓の再生医学の現状と展
望」（招請講演）．2009. 11. 1．福岡
Narazaki G. Directed and Systematic Differentiation of Cardiovascular Cells from Mouse Induced Pluripotent Stem
Cells, American Heart Association Scientific Session 2009, Groundbreaking Studies in the Practice of Cardio-
vascular Medicine : Circulation Editors’ Choices（invited）．2009. 11. 14－19, Orlando, USA
山下 潤．ES 細胞及び iPS 細胞を用いた心血管分化再生研究．再生医療サポートプラットフォーム「再生医療の
全体像を見わたせるわかりやすい解説講座」．2009. 11. 30．京都
山下 潤．血管多様性が生み出す生体機能と疾患 Vasculodiversity in health and disease. 2009 年日本分子生物学会
ワークショップ（オーガナイザー）．2009. 12. 12．横浜
山水康平，山下 潤．Differentiation and diversification of vascular endothelial cells in ES cell differentiation system.
2009 年日本分子生物学会ワークショップ（招請講演）．2009. 12. 12．横浜
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幹細胞加工研究領域
Laboratory of Stem Cell Engineering
分野主任 准教授 多田 高
Assoc. Prof. Takashi Tada







ログラム化されることを世界に先駆けて発見した（Tada et al.（2001）Curr. Biol．）．この結果は，分化細胞を直接培
養条件下で多能性幹細胞に再プログラム化可能であること，また ES 細胞には体細胞の再プログラム化に必要十分
な因子があることを示していた．現在では，ES 細胞から同定された因子（Oct4, Sox2, Klf4 & c-Myc）の強制発現に
より体細胞が多能性幹細胞（人工多能性幹（iPS ; induced pluripotent stem）細胞）に再プログラム化されることが明















Our body is built by an incredible variety of cell and tissue types, which develop from a single fertilized egg
through embryogenesis. Determination of the cell fate is epigenetically regulated through activation or repression
of specific genes. Nuclear reprogramming is a phenomenon that a specialized somatic cell acquires pluripotential
competence, which is defined by multi-lineage differentiation, due to reset of epigenetic memory of the somatic cell.
We found that embryonic stem (ES) cells, which have the robust capability of self-renewal with pluripotency under
culture conditions, retain the nuclear reprogramming activity as shown by cell fusion with a somatic cell (Tada et al.
(2001) Curr. Biol.). These findings have indicated the reality of direct reprogramming of somatic cell under a culture
condition with factors isolated from ES cells. Tremendously, it has been discovered that defined factors Oct4, Sox2,
Klf4 and c-Myc highly expressed in ES cells are sufficient for triggering nuclear reprogramming of somatic cells to
induced pluripotent stem (iPS) cells (Takahashi and Yamanaka (2006) Cell). It has been shown that Oct4, Sox2 and
Nanog cooperatively function as key transcription regulators in the repression of somatic cell genes and the activa-
tion of stem cell genes in pluripotent stem cells.
Reprogrammed somatic genome through cell fusion with ES cells function in cell differentiation similar to the
ES genome. Comparative analyses of epigenetic modifications of the somatic genome before and after cell fusion
with ES cells demonstrated that the nuclear reprogramming is induced at least through two steps ; a)erasure of
the somatic cell memory accompanied with global chromatin de-condensation and b)acquirement of the pluripotent
stem cell memory. However, the pathway from somatic cell to pluripotent stem cell is largely in the black box.
Aims)
1）Understanding of molecular mechanisms involved in nuclear reprogramming of somatic cells
2）Understanding of molecular function of stem cell factors in maintaining pluripotency and self-renewal
3）Development of nuclear reprogramming technologies toward clinical applications
図 1．生殖細胞での Nanog ノックダウンによる生殖細胞の減少と分子ネットワークの崩壊
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Importance)
The reality of personal iPS cells from individual somatic cells through nuclear reprogramming rises the great
hopes on regenerative medicine in near future. Toward realizing the regenerative medicine, further study will be
required to overcome several ethical and practical obstacles.
Understanding of the molecular mechanisms of nuclear reprogramming of somatic cells to pluripotent stem
cells will shed light on the central dogma, the succession of life.
【業 績 目 録】
 誌上発表 
1）原著論文
Yamaguchi, S., Kurimoto, K., Yabuta, Y., Sasaki, H., Nakatsuji, N., Saitou, M. and Tada, T. : Conditional knockdown
of Nanog induces apoptotic cell death in mouse migrating primordial germ cells. Development 136 , pp4011－4020
（2009）
Nagata, S., Toyoda, M., Yamaguchi, S., Hirano, K., Makino, H., Nishino, K., Miyagawa, Y., Okita, H., Kiyokawa, N.,
Nakagawa, M., Yamanaka, S., Akutsu, H., Umezawa, A. and Tada, T. : Efficient reprogramming of human and
mouse primary extra-embryonic cells to pluripotent stem cells. Genes Cells 14, pp 1395－1404（2009）
Tada, M., Matsumura, H., Kurose, Y., Nakatsuji, N. and Tada, T. : Target chromosomes of inducible deletion by a






増刊号 64 巻 802 号，最新医学社，2009）
多田 高：細胞融合と「核のリプログラミング」，「細胞核の初期化メカニズム 多能性・全能性獲得のナゾに迫る」
pp28－33（メディカルバイオ 6 巻 5 号，オーム社，2009）
多田 高：幹細胞と細胞核構造，「細胞核－遺伝情報制御と疾患」（平岡 泰・原田昌彦・木村宏・田代聡編集）pp
2847－2852（実験医学 増刊号 27 巻 17 号，羊土社，2009）
 学会等の発表 
1）学会・研究会発表
長田翔伍，山口新平，平野邦生，多田 高：Efficient reprogramming of primary extra-embryonic cells to pluripotent








Yamaguchi, S., Sasaki, H., Nakatsuji, N., Tada, T. : Conditional knockdown of Nanog induces apoptotic cell death in
mouse migrating primordial germ cells :「Conference : Regulatory Networks in Stem Cells」（2009.2.11－13,
Singapore, SINGAPORE）
Nagata, S., Yamaguchi, S., Hirano, K., Tada, T. : Efficient generation of induced pluripotent stem cells from ex-
traembryonic tissue :「Conference : Regulatory Networks in Stem Cells」（2009.2.11－13, Singapore,
SINGAPORE）
2）講演・シンポジウム
多田 高：ES 細胞および iPS 細胞を利用した薬理・トキコロジー研究とその将来：「第 36 回日本トキコロジー学
会学術年会，特別講演」（2009.7.6－8，盛岡）（招待講演）
Tada, T. : Genetic modification-free reprogramming to induced pluripotent stem cells : Fantasy or Reality？ :「Bio-
Medical Asia 2009」（2009.3.16－19, Singapore, SINGAPORE）（invited）
Tada, T. : Nuclear Reprogrammin in vitro and in vivo :「Seminar in the Max Planck Institute for Molecular Bio-
medicine」（2009.2.6, Munster, GERMANY）（invited）
Tada, T. : Nuclear Rprogramming and Regenerative Medicine :「INDO-JAPAN Workshop on Nanobiotechnology
and Nanodevices」（2009.1.23－24, Thanjavur, INDIA）（invited）
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細胞プロセシング研究領域
Laboratory of Cell Processing
客員教授 高橋 恒夫
Visiting Prof. Tsuneo A Takahashi
客員准教授 楠田（古江） 美保
Visiting Assoc. Prof. Miho Furue Kusuda
【研 究 概 要】
細胞プロセシング研究領域は，ヒト ES 細胞の臨床応用を目指しその基盤技術の研究開発を行うべく，設置され
た部門である．ES 棟地下に細胞処理施設（CPC : Cell Processing Center）を設置し，その管理を行うとともに，臨
床応用可能な医薬品 GMP に準拠したヒト ES 細胞リソースの供給を目指し，その基盤技術の研究開発を行ってい
る．CPC は空調管理，清浄度管理，及び作業管理を含む，医薬品 GMP ハードに準拠した施設としている．また CPC
には，細胞調製室，閉鎖系として独立して細胞調製，培養が可能な Cell-processing Isolator システム，細胞保存室
がある．




ルのヒト ES 細胞株の樹立と，将来のヒト ES 細胞バンク構築の可能性の探索を行う．
また，臨床応用に必要となる要件として，動物由来成分を用いない完全合成培地による培養の検討，ヒト由来
フィーダー細胞の試験を行っている。これら試験の評価に必要な基準は，国際的に通用するレベルを目指している。




ジつき顕微鏡を用いたヒト ES 細胞コロニーの凍結解凍過程の解析，及び DSC（示差走査熱量計）を用いた熱力学
的解析を通じた，細胞，コロニーレベルでの凍結解凍現象の理論化，凍結解凍条件の最適化の検討を試みている．
The Laboratory of Cell Processing was established to develop basic technologies to produce and supply human
embryonic stem cells (hES cells) with clinical grade. The cell processing center (CPC), located at underground level
of the ES building in the Institute, was built to establish hES cells for clinical use satisfying the standards of
Pharmaceutical Good Manufacturing Practices (GMP) and the research necessary to achieve that. The CPC meets
the hardware standard of GMP such as management of work, air conditioning, clean level of air, etc. The CPC is
composed of several rooms, one for cell processing, one for the Cell-Processing Isolator in which cells can be
processed and cultured in a complete closed system, cell-storage, computer controlled observation room, cell
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storage, supply room etc.
Following the approval of the Government (MEXT) that the CPC can be used as a facility to establish hES cells,
we have started research on the establishment and culture of hES in this facility.
The trial to establish clinical-grade hES cells has been done using the conditions developed to establish
monkey ES cells, but it should be developed to make the hES cells possible for clinical use and to establish of hES
cell banking system.
For the clinical application of hES cells, there are several issues remain to be solved, such as developing an
effective complete defined culture medium without animal serum and/or human-tissue derived feeder cells. To
verify these factors we should develop a standard that meets the international level. For this we have joined the
Working Group for International Standards for ES cells and their banking organized by the ISCBI (International
Stem Cell Banking Initiative). Recently the ISCBI established “Consensus Guidance for Bankig and Supply of
Human Embryonic Stem Cell Lines for Research Purposes” as a first stage, and now working on that for Clinical
Purposes.
One important aspects of our research is to develop an effective protocol for cryopreservation of hES cells that
should significantly increase the recoveries of the cells that is quite low at present. In this study we utilize a cryo-
microscope equipped with a temperature-controlling stage to observe the cells under freezing and thawing, and a
differential scanning calorimeter to measure heat transfer in the cell and suspension medium during the process.
First, we have refined our methods with single hES cells and then colonies, and the techniques will be refined and
validated on hES cells. We expect this strategy will allow us to find an optimal cryopreservation protocol for hES
cells that will contribute to make these cells suitable for clinical use.
【業 績 目 録】
 誌上発表 
1）原著論文
Yohei Hayashi, Miho Kusuda Furue, Satoshi Tanaka, Michiko Hirose, Hiroki Danno, Kiyoshi Ohnuma, Shiho Oeda,
Yuko Aihara, Kunio Shiota, Atsuo Ogura, Shoichi Ishiura, and Makoto Asashima BMP4 Induces Trophoblast
from Mouse Embryonic Stem Cells through the activation of Cdx2 expression. In Vitro Cellular &
Devopmental Biology Animal. 1071－2690（print）1543－706X（Online）
2）和文総説
古江－楠田美保：第 5 章細胞周辺環境のための培養技術 1 培養液，330－333「ますます重要になる細胞周辺環境（細
胞ニッチ）の最新科学技術」－細胞の生存，増殖，機能のコントロールから創薬研究，再生医療まで－ 遺
伝子医学 MOOK 別冊 p330－333 メディカル ドゥ 2009
高田 圭，末盛博文：医療応用に適した ES 細胞培養システム，実験医学増刊「再生医療の最前線～幹細胞の増殖
維持・分化制御・品質管理の基盤技術確立と制度整備」，羊土社（2010 in Press）




Integrins expression profile in human ES and iPS cells in the defined culture conditions Daiki Tateyama, Naohiro
Kimura, Midori Hayashida, Yutaka Ozawa, Hiroko Matsumura, Arihiro Kohara, Tetsuji Okamoto, Akihiro
Umesawa, and Miho Kusuda Furue，第 7 回 ISSCR スペイン バルセロナ
LAMININ PROMOTES HUMAN EMBRYONIC STEM CELL DIFFERENTIATION INTO MESODENDODERM
Inamura, Mitsuru, Kawabata, Kenji, Sakurai, Fuminori, Katayama, Kazufumi, Hayashida, Midori, Matsumura,
Hiroko, Furue, Miho Kusuda, Mizuguchi, Hiroyuki，第 7 回 ISSCR スペイン バルセロナ
ヒト ES，iPS 細胞における創薬応用のための標準化 古江－楠田 美保，第 22 回日本動物実験代替法学会総会
大阪 11 月
創薬応用のためのヒト ES，iPS 細胞の標準化 古江－楠田 美保，日本組織培養学会第 82 回大会 シンポジウム
（Ⅲ） 創薬 茨木 5 月
ヒト ES 細胞ならびに iPS 細胞の細胞表面抗原発現による標準化 Standardization of human ES and iPS cells by
analyzing cell surface antigens 古江－楠田 美保，第 32 回日本分子生物学会 ワークショップ 幹細胞と
糖鎖 12 月 横浜
一般口演
無血清培養下におけるヒト胚性幹細胞ならびに人工多能性幹細胞のインテグリン発現プロファイル 舘山大揮，木
村直大，林田みどり，小澤 裕，松村紘子，小原有弘，Paul J Gokhale，岡本哲治，梅澤明弘，Peter W. An-
drews，古江－楠田 美保，日本組織培養学会第 82 回大会 一般口演 茨木 5 月
未分化ヒト ES 細胞から中内胚葉へのラミニンによる分化促進効果 Laminin promotes human embryonic stem
cell differentiation into mesodendoderm, Mitsuru Inamura, Kenji Kawabata, Fuminori Sakurai, Kazufumi
Katayama, Midori Hayashida, Hiroko Matsumura, Miho Kusuda Furue, Hiroyuki Mizuguchi., 日本組織培養
学会第 82 回大会 一般口演 茨木 5 月
マウス ES 細胞から誘導された神経堤細胞の特性解析 Characterisation of induced neural-crest cells from mouse
ES cells．相原祐子，林 洋平2，有木信貴，大沼 清，中西未央，藁科雅岐，内山英穂，浅島 誠，古江－
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Adenovirus vector-mediated efficient transduction into human induced pluripotent stem cells. Katsuhisa Tashiro,
Mitsuru Inamura, Norihisa Furukawa, Kenji Kawabata, Fuminori Sakurai, Miho Kusuda Furue, Hiroyuki Mi-
zuguchi，第 32 回日本分子生物学会 一般口演 12 月 横浜
ヒト ES 細胞や iPS 細胞からの内胚葉系細胞および肝細胞への分化誘導法の開発 稲村 充，川端健二，形山和史，
梅澤明弘，阿久津英憲，林田みどり，松村紘子，古江－楠田美保，水口裕之，第 16 回肝細胞研究会 6 月
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ヒト ES 細胞のバンキングに向けた CPC の構築と課題 高田 圭，第 7 回 CPC セミナ （ー2009.2.12）
再プログラム化研究領域
Laboratory of Reprogramming Research
客員教授 鳥居 隆三
Visiting Prof. Ryuzo Torii
サル体細胞核移植クローン胚の作製
Cloned blastocysts produced by nuclear transfer from somatic cells in cynomolgus monkey
【研 究 概 要】





た．一方，正常な染色体分配が見られた胚においては胚盤胞期胚まで発生し，内部細胞塊（inner cell mass : ICM）
を取り出し ES 細胞樹立を試みることが出来た．しかし，継代 3 代目において接着できず樹立には至らなかった．
以上の成績から，カニクイザルにおいては体細胞核移植法によるテーラーメード ES 細胞樹立法は胚の滅失の問
題に加え胚盤胞期胚作製の効率が極めて悪く，残念ながら ES 細胞樹立は極めて困難であるとの結論に至った．他




Table 1 Effect of Trichostatin A (TSA) in development of nuclear transferred embryo in cynomolgus monkey
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作製した後，培養液中にマウスやウシの核移植後の胚の発生改善に用いられているヒストン脱アセチル化酵素の阻






Fig. 1 Development of embryos by intra cytoplasmic sperm injection after mRNA injection by live-cell imaging




ライブセルイメージング法を確立するために，まず顕微授精（intra cytoplasmic sperm injection）胚における染色
体分配を確認した．その結果，染色体分配が正常に行われた NCS（normal chromosome segregation）授精胚では，




体の皮膚細胞から得た線維芽細胞では 8 細胞期胚で停止したが，胎子線維芽細胞では 1 例ではあったが，NCS に
おいて順調に発生し胚盤胞期胚から内部細胞塊（inner cell mass）を分離することが出来，ES 細胞を継代するまで
に至った．しかし，3 代目に至る継代において接着が不十分で ES 細胞樹立には至らなかった（Fig. 3 & 4）．
今回はライブセルイメージングを行うための方法の確立と，顕微授精胚における NCS と ACS に産子獲得とい
う大きな差が生じることを確認したことから，このライブセルイメージングは再構築胚の初期のスクリーニング法
として有用であることが考えられ，今後さらに例数を増やして確認を進めたい．
Table 2 Development of nuclear transferred embryos after mRNA injection
Fig. 3 Development of nuclear transferred embryos after mRNA injection by live-cell imaging
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Research abstract :
We did not succeed in obtaining ES cell lines that are capable of passage in our attempt to create tailor-made
ES cells in the somatic cell nuclear transfer that we have been doing for the past three years. This year we at-
tempted to improve the development of reconstructed embryos subsequent to nuclear transfer by adding
Trichostatin A (TSA). Additionally, we attempted to confirm whether or not chromosomal segregation was being
carried out normally during the initial stages of embryonic reconstruction using live-cell imaging. The results were
that the TSA concentration conditions used this time were not effective in improving development. Additionally,
there was much abnormal chromosomal segregation observed during the live-cell imaging of the 2-cell embryo in
the initial stages of embryonic reconstruction. On the other hand, embryos in which normal chromosomal segrega-
tion was observed developed to the blastocyst stage, and it was possible to remove inner cell mass (ICM) and at-
tempt to establish ES cell lines. However, we were unable to reach the 3rd generation of passage and unable to
achieve establishment.
From the above results, for the tailor-made ES cell establishment method using the somatic cell nuclear trans-
fer method in the cynomlgus monkey, in addition to problem of embryo loss, the efficiency for creating blastocyst-
stage embryos was extremely poor, and we reached the determination that regrettably ES cell establishment was
extremely difficult. On the other hand, it was relatively easy to establish cynomolgus monkey iPS cells, and it goes
without saying that iPS cells are expected to be useful in clinical application research.
1. Study on the improvement of embryonic generation by somatic cell nuclear transfer in the cynomolgus monkey with
addition of Trichostatin A
After the constructed embryos were created using the nuclear transfer method, in which donor cells (fetus fi-
broblast) are injected into denucleated mature oocytes, 5nM of Tichostatin A (TSA), a histone deacetylase inhibitor
used to improve the development of murine and bovine embryos after transfer, was added to the incubation me-
dium. The results, are show in Table 1, were that no effect was seen in terms of development of reconstructed em-
bryos from nuclear transfer with the concentration of TSA that was used this time, and no effect in regard to im-
proved development was obtained.
Fig. 4 Establishment of ES cells from nuclear transferred NCS embryos (CE0955F) in cynomolgus monkey
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2. Observation of chromosomal segregation in somatic cell nuclear transferred embryos using fluorecent live-cell imag-
ing
As for reconstructed somatic cell nuclear transferred embryos, large changes were seen at chromosomal con-
struction levels, such as disaggregation or recondensation of the nucleus in the same manner as occurs in the devel-
opment process in fertilized embryos ; furthermore, changes were sees at the chromatin or the nuclear construc-
tion level in chromosomal segregation. This time, in the embryonic construction, we obtained the cooperation of Dr.
Yamagata (RIKEN CDB) for live-cell imaging in the initial embryonic stage in order to determine whether this
chromosomal segregation was carried out normally or not, and we attempted to develop this method and use it in
actual confirmation of embryonic reconstruction.
In order to establish the live-cell imaging method, we first confirmed chromosomal segregation in intra-
cytoplasmic sperm injection (ICSI) embryos. As the results of this, we found that offspring were obtainable from
embryo transfers done after normal chromosomal segregation (NCS) was carried out in fertilized embryos, but we
confirmed that in cases where abnormality was seen (abnormal chromosomal segregation, or ACS) the develop-
ment of the fertilized embryo was arrested in midstream or, even if it did progress to the blastocyst stage, after
embryo transfer it failed to implantation and pregnancy failed (Fig.1)
Subsequently, in the somatic cell nuclear transferred embryos the same manner of live-cell imaging was at-
tempted, and, as the results show in Table 2, in the fibroblast obtained from the skin cells of mature individuals, de-
velopment stopped at the 8-cell stage embryo, but, in 1 fetus fibroblast case, it was possible with NCS to develop
smoothly and separate the ICM from the blastocyst, and we obtained passage of the ES cells. However, adhesion
was insufficient when obtaining passage number 3, and we failed to establish the ES cells (Fig. 2).
This time, since we established the methodology necessary for carrying out live-cell imaging and confirmed
the large gap in the acquisition of offspring which occurs with NCS and ACS in ICSI, we believe that this live-cell
imaging will be useful for screening during the initial stages of embryonic reconstruction, and in the future we
hope the increase our experience and further develop our confirmation ability.
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【研 究 概 要】
1．生きている細胞中での 1分子観察と操作法の開発




































Paradigm shift of the concept of the plasma membrane structure
The plasma membrane has been considered to be a two dimensional liquid, with their constituent molecules,
membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson model widely accepted
for these 30 years. However, we found that the plasma membrane is partitioned into many small compartments,
and both membrane lipids and proteins undergo short-term confined diffusion within a compartment, and long-
term hop diffusion between the compartments. These membrane compartments are delimited by the membrane
skeleton and the transmembrane proteins anchored to the membrane skeleton (Fujiwara et al., 2002 ; Murase et al.,
2004 ; Kusumi et al., 2005 ; Morone et al., 2006). This entails a paradigm shift for the concept of the plasma mem-
brane, from the continuous 2-dimensional fluid to the compartmentalized, structured system. This could be found









al., 2005). If more than one molecule is observed at the same time, the single hop event would be masked by averag-
ing over all the molecules under observations. Without high-time resolutions, the residency time within a compart-
ment for 1 ms to 1 s could not be detected.
Single-molecule force microscope
An ultra-sensitive, single-molecule optical force scanning probe microscope was developed that uses a single
membrane molecule as a probe. This microscope measures the interaction force between the membrane-molecule
probe with the membrane skeleton mesh in live cells, and, by mapping the force, images of the membrane skeleton
that interact with the membrane molecule were obtained (Ritchie et al., in preparation). A theoretical framework
was developed to understand/predict the behavior of single membrane molecules being dragged by the optical
trap (Ritchie et al. in preparation).
Detection of transient interactions of two species of molecules in living cells
Two species of molecules were laballed in different colors, and a method to detect their colocalization at the
level of single molecules was developed for the first time (Koyama et al., 2005).
Single-molecules FRET imaging of H-Ras activation in living cells
The activation of H-Ras, a GTP-binding protein involved in the signaling pathways for cell proliferation and re-
organization of the cytoskeleton, was visualized at the level of individual molecules using a technique called single-
molecule fluorescence resonance energy transfer (single-molecule FRET ; Murakoshi et al., 2004 ; Kusumi and Mu-
rakoshi, 2005). Activation of H-Ras takes place only temporarily (<2 s), and is accompanied by transient immobiliza-
tion, which is likely due to the transient formation of an activated-Ras signaling complex with scaffolding proteins.
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K. G. N. Suzuki, and A. Kusumi : Mechanism for raft-based signal transduction as studied by single-molecule track-
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楠見明弘：細胞膜の領域構造が可能にする細胞情報伝達，文部科学省科学研究費補助金 特定領域研究成 18 年度
～22 年度非平衡ソフトマター物理学の創成：メソスコピック系の構造とダイナミクス 第 3 回領域研究会
（2009.1.7－9 福岡）
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金 特定領域研究 マルチスケール操作によるシステム細胞工学（バイオ操作）第 7 回公開シンポジウム
（2009.3.6 仙台）








第 61 回日本細胞生物学会大会 ランチョンセミナー 1（2009.6.2 名古屋）







体膜トランスポートソームの分子構築と生理機能」平成 21 年度第 1 回班会議 公開シンポジウム（2009.8.26－
28 熊本）
楠見明弘：ラフト領域の働きを 1 分子追跡で解く，第 29 回日本糖質学会年会シンポジウム「生命－分子が語る，
細胞が語る」（2009.9.9－11 高山）
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治会 合同公開セミナ （ー2009.10.10 東京）
藤原敬宏：Compartmentalization of the plasma membrane by actin-based membrane skeleton
as revealed by high-speed single fluorescent-molecule tracking，第 82 回日本生化学会大会 シンポジウ
ム 1S12a「細胞表層組織化の統合的理解を目指して」（2009.10.21－24 神戸）
楠見明弘：細胞膜シグナル変換のスイッチを可能にする準安定ナノ・メゾドメイン，
第 25 回 Wako ワークショップ「細胞膜ナノドメイン：統合的理解と新たな展開」（2009.11.17 東京）
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3．MR Elastography（MRE）による in vivo 弾性率データの計測，解析および検証
磁気共鳴弾性率計測法（MRE）は，MRI をベースとする新たな測定技術であり，これによる体内組織・器官の非


































そのため，これに替わる材料として PS や PC が射出成型用義歯床として使用されるようになって来た．ところ






























1. Simulation of Biomechanical Adaptation Process of the Living Tissues.
Numerical simulations are carried out especially on the modeling and remodeling phenomena of the bones as
the biomechanical adaptation. With constraint functions such as stress distribution or strain energy density distri-
bution, it is indicated that the form of the bone has been modeled, and the design of artificial dental roots which dy-
namically harmonizes with the living tissue under this constraint has being tried. (Supported by New Energy and
Industrial Technology Development Organization)
2. Regeneration of the periodontal Membrane around Dental Implant Roots.
The present artificial dental root is fixed directly in the alveolar bone without having periodontal ligament like
natural tooth root, the stresses are directly transmitted without any damping effect. The excessive stresses in the
alveolar bone may arise and cause the bone resorption by which the loosening of the implants occurs. Therefore,
we have been attempting that the dental implant made of titanium is covered with a polymer, and the collagen
which is the cell adhesive protein is fixed by some surface treatments, and in addition, the periodontal ligament cell
is cultivated on the surface for regeneration of the periodontal membrane. (Supported by Ministry of Culture, Sci-
ence and Education)
Institute for Frontier Medical Sciences
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3. MR Elastography Measurement, Analysis and Verification.
Magnetic resonance elastic modulus measurement method (MRE) of the elastic modulus is a new measuring
technique based on the MRI, and it establishes the technique of the noninvasive elastic modulus measurement of
the living tissue and organ in vivo. Database construction for the medical research support, and virtual reality (VR)
system using the haptic device are investigated. (Joint Research with Information Division, Kyoto University)
4. New Artificial Articular Cartilage and Intervertebral Disk.
Development of the artificial cartilage and intervertebral disk is necessary in order to recover support and mo-
bility simultaneously in joints and spine which received the damage. We examined the possibility of the application
of polyvinyl alcohol hydrogel which can control the mechanical strength by the change of water content and is ex-
cellent in the biocompatibility. It replaces only lesion part and leaves the sound subchondral bone. The high
strength and high elastic modulus of the polyvinyl alcohol hydrogel newly developed in this department is promis-
ing as artificial articular cartilage and intervertebral disk material. (Supported by Japan Ministry of Health, Labour
and Welfare)
5. Polyethylene for Artificial Joints with High Wear Resistance.
The wear particles of polyethylene are produced by the friction between the metal and UHMWPE when artifi-
cial joint used for the long term. It is known that the osteolysis occurs by foreign body granulation tissue which the
wear particle induces. The development of new UHMWPE for artificial joint which controlled super structure by
the crystallization under molecular orientation is being tried in order to improve abrasion resistance of UHMWPE.
6. Proliferation Control of Mammalian Cells and Tissue Preservation for Long Term.
EGCG, a green tea polyphenol, not only improves preservation of non-frozen tissues such as cornea, nerves,
and pancreatic but solves some potential problems pertaining to transplantation and cardiovascular medicine.
EGCG with its immuno-suppressive and anti-proliferative effects prevents graft rejections in various tissues and
neo-intimal hyperplasia in vein grafts, respectively. Therefore, the use of EGCG for preserving the living tissues
and controlling their cellular responses will provide us a starting point to advance the future of regenerative medi-
cine. (Supported by Japan science and technology)
7. The gentle denture base in human body
Today, we are researching and developing novel thermoelastic denture base composed of polymethyl-
metahcrylate(PMMA)as a main component for injection molding. Denture base is generally employed polycarbon-
ate(PC)as thermoelastic resin. However, PC is eluted in one’s mouth, bis-phenol A of an environmental pollution,
and furthermore, poor adhered to PMMA resin of repair adhesive. Heat- polymerized type PMMA mainly em-
ployed as denture base, is eluted in one’s mouth a lot of monomer and oligomer, which come from residue product
of polymerization, and is anxious to cause an allergy. We are researching and developing novel thermoelastic den-
ture base which overcomes disadvantages of traditional denture resin. (Supported by Kinki area economy depart-
ment of industry)
8. Biodegradable Medical Adhesives
The closing, sealing, and bonding of wounds and defects in various types of tissue still remain problem areas in
the field of medicine. To bond a soft tissue interface, numerous studies have been conducted to develop either syn-
thetic or semi synthetic tissue adhesives. Cyanoacrylate, aldehyde-based, and fibrin glue have all been developed
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for clinical usage. However, some problems have led to limitations in their application, such as toxicity and virus in-
fection.
We recently developed functional medical adhesive of dextran based reactive glue, consisting of aldehyded
dextran and ε-poly (L-lysine), two kinds of medical and food additives, as starting materials. Biocompatibility assay
indicated that the functional medical adhesive showed excellent biocompatibility with in vitro and in vivo and most
of the functional medical adhesive was histologically degraded within 4 weeks. The excellent performance was ob-
served in comparison to the use of conventional fibrin glue. (Supported by New Energy and Industrial Technology
Development Organization)
9. Antifreeze Polyamino Acid with the Cryoprotective Function
Cryoprotective agents (CPAs) such as dimethyl sulfoxide (DMSO), glycerol, ethylene glycol, and propylene gly-
col have been used for the cryopreservation of cells and tissues. DMSO is the most effective CPA but shows high
cytotoxicity and can effect differentiation. ε-poly-L-lysine (PLL) derivatives show higher cryopreservation effi-
ciency than the conventional CPAs. Culture medium solutions with 7.5 w/w% of PLL whose amino groups of more
than 50 mol% were converted to carboxyl groups by succinic anhydride showed higher post-thaw survival effi-
ciency of L929 cells than those of current CPAs without the addition of any proteins. In addition, rat mesenchymal
stem cells were cryopreserved more effectively than with DMSO and fully retained the potential for proliferation
and differentiation. Furthermore, many kinds of cells could be cryopreserved with PLL having the appropriate ra-
tio of COOH groups, regardless of the cell types, including adhesive and floating cells, human and mouse derived
cells, primary cells and established cell lines. The properties might be associated with the antifreeze protein prop-
erties. These results indicate that these polymeric extracellular CPAs may replace current CPAs and the high vi-
ability after thawing and non -necessity of serum ensure that these CPAs may be used in various preservation
fields.
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3）: 380－387（2009）
2）著 書
Han, D-W., Hyon, S-H., Park, J-C. : Protection and preservation of vascular cells and tissues by green tea polyphenols．





玄 丞烋，中島直喜：安全性と機能性に優れた医療用接着剤LYDEX工業材料 Vol,57 No.6 : 28－33（2009）
 学会等の発表 
1）学会・研究会発表
玄 丞烋，松村和明：不凍活性を有するポリアミノ酸の合成と物性 第 134 回ポバール会 （2009.7.4 京都）
Hyon, S-H., Nakamura, J., Matsumura, K., Nakajima, N. : Cross-Linkable Dextran Composite for Adhesion Preven-
tion Material. 36th Annual Meeting and Exposition of the Controlled Release Society （2009.7.18－22 Copen-
hargen）
Hyon, S-H., Sugai, H., Nakajima, N. : Cross-linkable dextran composite for adhesion prevention material. 22d Euro-
pean Conference on Biomaterial（2009.9.7－11 Lausanne）
玄 丞烋，堀内 亮，松村和明，高橋健太，西野 孝：PVA ハイドロゲルを用いた人工半月板．第 58 回高分子討
論会（2009.9.16－18 熊本）
玄 丞烋，堀内 亮，松村和明，高橋健太，西野 孝，小林正典：人工半月板用の PVA ハイドロゲル．第 36 回
日本バイオメカニクス学会（2009.10.16－17 松山）
松村和明，玄 丞烋：ジメチルスルホキシドに代わる新規細胞凍結保存剤の開発 第 8 回日本再生医療学会
（2009.3.5－6 東京）
Matsumura, K., Hyon, S-H. : Development of polyampholytic cryoprotective agents as alternatives to DMSO 2nd
TERMIS world congress.（2009.8.31－9.3 Seoul）
松村和明，林 文晶，長島敏雄，玄 丞烋：ポリリジン由来両性高分子電解質による細胞凍結保護作用 第 58 回
高分子討論会（2009.9.16－18 熊本）
松村和明，玄 丞烋：ポリリジン由来両性電解質ポリマーによる細胞凍結保存効果 第 31 回バイオマテリアル学
会（2009.11.16－17 京都）
松村和明，速水 尚，西川博昭，濱畑あかり，本津茂樹，玄 丞烋：疑似体液由来ハイドロキシアパタイト薄膜コー
トの骨芽細胞への影響 第 31 回バイオマテリアル学会（2009.11.16－17 京都）
東 高志，中井隆介，加藤希理子，瀧澤 修，堤 定美，玄 丞烋：Diffusion Tensor MRI を用いた in vitro と in
vivo における関節軟骨の構造解析．第 35 回日本磁気共鳴医学会大会（2009.10.1－3 神奈川）
中井隆介，東 高志，加藤希理子，岸本泰蔵，平田多津子，瀧澤 修，玄 丞烋：Binomial RF pulse を用いた腹
部脂肪領域の撮像および計測手法の開発．第 35 回日本磁気共鳴医学会（2009.10.1－3 神奈川）
Kim, H-H., Matsumura, K., Bae, J-Y., Hyon, S-H. : Protective effects of carboxylated poly-L-lysine on hypothermic
preservation of mouse induced pluripotent stem（iPS）cells. The 8th Congress of the Japanese Society for Re-
generative Medicine（2009. 3.5－6 Tokyo）
Kim, H., Matsumura, K., Bae, J-Y., Hyon, S-H. : Hypothermic preservation of human hepatocytes with carboxylated
poly-L-lysine CTS-JSOPMB Joint Conference（The Okayama 2009 Joint Conference brings together two
Institute for Frontier Medical Sciences
附属ナノ再生医工学研究センター－１５３－
Meeting of CTS-Cell Transplant Society JSOPMB-Japan Society for Organ Preservation and Medical Biol-
ogy）（2009.4.20－21 Okayama）
Kim, H., Matsumura, K., Bae, J-Y., Hyon, S-H. : Protective effects of carboxylated poly-L-lysine on hypothermic pres-
ervation of mouse induced pluripotent stem（iPS）cells. CTS - JSOPMB Joint Conference（The Okayama 2009
Joint Conference brings together two Meeting of CTS - Cell Transplant Society JSOPMB - Japan Society for
Organ Preservation and Medical Biology）（2009.4.20－21 Okayama）
Kim, H., Matsumura, K., Bae, J-Y., Hyon, S-H. : Protective effects of carboxylated poly-L-lysine on hypothermic
preservation of mouse induced pluripotent stem（iPS）cells. 2nd TERMIS world congress.（2009.8.31－9.3
Seoul）
裵 庭胤，松村和明，玄 丞烋：ポリリジン（polylysine）誘導体を用いた種々の培養細胞の凍結保存．第 8 回日本
再生医療学会総会（2009.3.5－6 東京）
Bae, J-Y., Matsumura, K., Kim, H-H., Hyon, S-H. : Application of Poly-L-lysine Derivatives to the Cryopreservation
of Various Cells. 2nd TERMIS World Congress（2009.8.31－9.3 Seoul）
裵 庭胤，松村和明，金 学嬉，玄 丞烋：ポリリジン（polylysine）誘導体を用いたヒト iPS 細胞の凍結保存．第
31 回日本バイオマテリアル学会大会（2009.11.16－17 京都）
野村昌代：Effect of combined use of daidzein and raloxifene on osteoblaste-like cell．日本歯科理工学会夏季セミ
ナ （ー2009.8.5 大津）
中村淳一，中島直喜，松村和明，玄 丞烋：担癌マウスに対する葉酸吸着水溶性タキソールの治療効果．第 25 回
日本 DDS 学会（2009.7.3－4 東京）
中村淳一，中島直喜，松村和明，玄 丞烋：担癌マウスに対する葉酸吸着水溶性タキソールの治療効果．日本バイ
オマテリアル学会第 4 回関西若手研究発表会（2009.8.7 大阪）
中村淳一，中島直喜，松村和明，玄 丞烋：担癌マウスに対する葉酸吸着水溶性タキソールの治療効果．第 31 回
日本バイオマテリアル学会 （2009.11.16－17 京都）
加藤希理子，玄 丞烋：ステレオコンプレックスポリ乳酸の骨固定材に関する研究．第 74 回人工関節の機能高度
化研究会（2009.3.21 岡山）
加藤希理子，東高志，中井隆介，瀧澤修，玄 丞烋：超高速 MRI による多断面連続撮像法を用いた重力の影響に
おける下顎運動解析．第 37 回日本磁気共鳴医学会大会（2009.10.1－3 横浜）
加藤希理子，玄 丞烋：ステレオコンプレックスポリ乳酸の骨固定材に関する研究．第 31 回バイオマテリアル学
会大会（2009.11.16－17 京都）
高山 了，玄 丞烋：人工関節摺動部材ポリエチレンの放射線照射効果．第 77 回人工関節の機能高度化研究会
（2009.9.17 岡山）
高山 了，玄 丞烋：人工関節摺動部材の耐摩耗性改良．第 31 回日本バイオマテリアル学会大会（2009.11.16－17
京都）
邵 仁哲，東 高志，中井隆介，兼光紀幸，納谷佳男，落合 厚，内藤泰行，河内明宏，藤原光文，三木恒治：超
高速 MRI を用いた勃起時の動的画像解析．日本性機能学会第 21 回学術総会（2009.9.17－19 東京）
常俊顕三，天満 敬，東 高志，中井隆介，土井健人，今村博敏，太田剛史，高木康志，菊田健一郎：ラット脳虚





中治仁志，田尻智子，岩田敏之，三嶋理晃：Functional MRI による咳の中枢性機序解明の試み．第 11 回日
本咳嗽研究会（2009.11.14 名古屋）
朴 鍾喆，Kim Hye-Lee，姜 在慶，朴 奉柱，金 正久，玄 丞烋，田口英昭，高鳥浩介：Aldehyded α-glucan
と ε-poly（L-lysine）で作られた組織用接着剤の抗菌効果．第 36 回日本防菌防黴学会（2009.9.14－15 大阪）
Han, D-W., Kim,H-Y., Hyon, S-H. : Non-frozen preservation of tissues using green tea Polyphenols application to tis-
sue engineering & regenerative medicine. 2nd TERMIS world congress.（2009. 8.31－9.3 Seoul）
Han, D-W., Bae, J-Y., Hyon, S-H. : Characterization and transplantation of cartilage allografts preserved in cold stor-
age solution containing green tea catechin, EGCG. The 7th China-Korea Symposium on Biomaterials and
Nano-Biotechnology（2009.10. 19－23 Nanjing）
Kim, H-Y., Lee, J-H., Park, J-C., Hyon, S-H., Han, D-W. : Physicochemical, biomechanical and biological evaluations of
epigallocatechin gallate-eluting biodegradable polymeric stent. The 11th Pacific Polymer Conference
（2009.11.6－10 Cairns）
Jung,T-G., Kim, H-Y., Lee, J-H., Hyon, S-H., Han, D-W. : Biomechanical evaluations of epigallocatechin gallate-eluting
PLCL copolymer for application to biodegradable coronary stents. The 17th Annual Meeting of the Korean
Society for Biomaterials（2009.11.27－28 Seoul）
2）講 演
Hyon, Suong-Hyu : Development of the novel medical adhesive 「College of Biomedical Science & Engineering,





Hyon, Suong-Hyu : The creation of antifreeze polyamino acid with the cryoprotective function，「Annual Meeting
of Korean Controlled Release Society」（招待講演）（2009.8.28 Jeju）
Hyon, Suong-Hyu : Biodegradable biomaterials for regenerative medicine「The 2nd World Congress of the Tissue
Engineering and Regenerative Medicine International Society（TERMIS）」（基調講演）（2009.9.2 Seoul）
玄 丞烋 ：ヒトに優しい冠状動脈用再狭窄防止ステント，「第 47 回日本人工臓器学会大会」（依頼講演）（2009.11.13
新潟）
玄 丞烋 ：有機高分子系生体材料の基礎研究から臨床応用まで，「第 31 回日本バイオマテリアル学会」（依頼講演）
（2009.11.16 京都）






Assist. Prof. Toshihiro Togaya










Restoration and maintenance of oral function(ingestion, mastication, swallowing and phonation)are essential for
ADL (activity of daily living) and QOL (quality of life) especially in the elderly. The goal of our study is to establish
the fabrication systems of precision dental prostheses, which have excellent biological-, mechanical- and
morphological-compatibility.
On the other side, there is a big social problem in the manufacturing industry of the dental prostheses in Japan.
The society tends to be composed by elderly dental technicians, and many young people in this field quit work be-






【業 績 目 録】
 学会等の発表 
1）学会・研究会発表
Shigeru Hanatani, Chikahiro Ohkubo, Ema Muraishi, Daigo Hayashi, Yukihiro Mizuno, Ai Tokue, Norio Takishin,
Eiji Miura and Toshihiro Togaya : Titanium & Laser Welding -The finest combination-, 13th International




議会＆第 21 回日本レーザー歯学会連携講演会（2009.11.21 福岡市）
Institute for Frontier Medical Sciences
附属ナノ再生医工学研究センター－１５７－
技 術 部
Division of Technical Support
【研究支援概要】







・特殊染色（Azan stain, Alcian blue stain, Berlin blue stain, Dahl’s method, Elastica-Van Gieson stain, Giemsa
stain, Kluver-Barrera stain, Masson’s tricrome stain, Maxwell’s stain, Nissl’s stain, PTAH, Tolu-
idine blue stain, Safranin O-Fast green stain, Villanueva bone stain, von Kossa’s method, Silver
stain）






【業 績 目 録】
 学会等の発表 
梅澤真樹子，樋口京一，森 政之，松下隆寿，細川昌則：SAM における食事脂肪と促進老化について，第 24 回
老化促進モデルマウス（SAM）研究協議会研究発表会（2009.7.9）
















We are proud of foundation of Nano-Medicine Merger Education Unit, which is an educational organization
with the aim of nurturing talented experts who can drive translational research, display issue-solving ability, and
create next-generation industry in terms of “nano-medicine” generated only by merger of nano-technology, life sci-
ence, and medicine.
The unit is crossing over Graduate School of Medicine, Graduate School of Engineering, and Institute for Fron-
tier Medical Sciences to make abundant human resources of Kyoto University and new designated researchers
grow together, as the result of which we can provide coordinated and fundamental education programs efficiently.
It is an ultimate goal of this unit to contribute to nurturing talent with issue-solving ability in new fields by pro-
viding practice and basic lecture about nano-medicine for experts in engineering and research in a specific field.




















座長：北村 隆行 （京都大学大学院 工学研究科・教授）
特別講演
“The Role of Multi-Cell Simulations of Biological Development, Disease, Regeneration and Tissue Engineering”























転写開始複合体形成過程における TBP/GAF 相互作用の解析 法邑賢一
ポスター 4











Bioartificial pancreas Yuji Teramura, Hiroo Iwata
ポスター 9
Designing functional protein-incorporating hydrogels for the enhancement of neural stem cell survival
Tadashi Nakaji-Hirabayashi, Koichi Kato, Hiroo Iwata
ポスター 10
The roles of tudor genes in mammalian spermatogenesis
Takashi Tanaka, Mihoko Hosokawa, Norio Nakatsuji, Shinichiro Chuma
ポスター 11
microRNAs are actively involved in induction of pluripotent stem cells from mouse and human fibroblasts
小柳三千代
ポスター 12






Functional Skeletal Muscle Regeneration by the Engraftment of Mesodermal Progenitors Derived from Mouse iPS Cells
桜井英俊，坂口泰子，酒井大史，庄子栄美，瀬原淳子
ポスター 15
Identification and analysis of Pax3 targets that regulate the behaviour of skeletal muscle stem cells in the dorsal somite
Takahiko Sato, Didier Rocancourt, Solveig Thorsteinsdottir, Margaret Buckingham
ポスター 16
胸腺再生過程で高頻度に発生する胸腺リンパ腫における Notch1 遺伝子部分欠損の解析 藤本真慈
Institute for Frontier Medical Sciences
５．学術集会－１６１－
ポスター 17









The effect of hypoxia on proliferation and differentiation properties of human bone marrow stromal cells
Yonghui Jin, Tomohisa Kato, Moritoshi Furu, Akira Nasu, Yoichiro Kajita,
Hiroto Mitsui, Michiko Ueda, Tomoki Aoyama, Junya Toguchida
ポスター 20
膵島の凍結保存における PVA バイオ人工膵の有用性 漆 智
ポスター 21
人工膵の移植部位としての大腿骨骨髄腔の有用性：糖尿病犬における in vivo 実験 楊 凱強
ポスター 22




Protein kinase A enhances endothelial cell differentiation potential in vascular progenitors
○Yamamizu K, Kawasaki K, Katayama S, Watabe T, Yamashita JK
ポスター 25
マウス生殖細胞における Nanog 遺伝子のリプログラミング機能 山口新平
ポスター 26
Efficient reprogramming of primary extra-embryonic cells to pluripotent stem cells 長田翔伍
ポスター 27
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2009. 1.20 MN OP
NIH, USA+
Critical Roles of the Zinc-Finger Tran-
scription Factor Epiprofin in the De-

















Local AT1 receptor activity in adult
cardiomyocytes regulates cell size and
ventricular function without pressure
overload
rSTst rSTst"#uv
2009. 2.16 Brian Hendrich
Centre for Stem Cell Re-
search, University of Cam-
bridge, UK+
Transcriptional silencing and lineage
commitment in mice
rSTst rSTst"#uv
2009. 2.16 Qi-Long Ying
Center for Stem Cell and
Regenerative Medicine, Uni-
versity of Southern Califor-
nia, USA+
27 years in the making : Germline
competent rat embryonic stem cells
rSTst rSTst"#uv
2009. 2.16 Eric Schulz
Center for Stem Cell and
Regenerative Medicine, Uni-
versity of Southern Califor-
nia, USA+
27 years in the making : Germline
competent rat embryonic stem cells
rSTst rSTst"#uv
2009. 2.16 Dawn Coverly
Department of Biology, Uni-
versity of York, UK+
Cyclin-dependent initiation of mam-
malian DNA replication
rSTst rSTst"#uv
2009. 2.16 Martin Pera
Center for Stem Cell and
Regenerative Medicine, Uni-
versity of Southern Califor-
nia, USA+
Understanding and maintaining hu-
man pluripotent stem cells
rSTst rSTst"#uv
2009. 2.18 Andrew P. McMahon
Harvard Stem Cell Institute,
Dept. of Molecular and Cellu-
lar Biology, Harvard Univer-
sity)




























2009. 3.10 Ting Xie
Stowers Institute For Medi-
cal Research, Kansas City,
USA+






2009. 3.13 Jose Silva
Centre for Stem Cell Re-
search, University of Cam-
bridge, UK+
Nanog is the gateway to the pluripo-
tent ground state
rSTst rSTst"#uv
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2009. 4.10 Ernest Kelvin Manders
The University of Pitts-
burgh Medical Center
What Has Happened in the Last 5
Years
9:;<23- 9:;<=> 8
2009. 4.27 Katriina Aalto-Setälä
Internal medicine and cardi-
ology, Regea, Institute for
Regenerative Medicine, Uni-
versity of Tampere, and
Heart Center, Tampere Uni-
versity Hospital, Tampere,
Finland
Human pluripotent stem cell derived
cardiomyocytes : To create a plat-





2009. 5.22 Frederic Mercier
Stem Cell Research Depart-
ment of Tropical Medicine,
John A.Burms School of
Medicine, University of Ha-
waii, USA)
Fractones, the adult brain stem cell





2009. 6. 1 Davis Ng
National University of Sin-
gapore
Protein quality control in the cytosol / 1470#1
23-
4567 8
2009. 9.17 Renee A Reijo Pera
Center for Human Embryo
and Embryonic Stem Cell
Research and Education /
Obstetrics and Gynecology /
Institute for Stem Cell Biol-
ogy and Regenerative Medi-
cine, Stanford University
School of Medicine
Human Germ Cell Formation and Dif-





2009.10. 5 Tangchun Wu
Huazhong University, China
hsp27 gene variations predict risk and




2009.10. 5 Lawrence Hightower
University of Connecticut,
USA
Hyperbaric Oxygen Therapy :








Establishing protein folding pathways
in an intracellular desert : Hsp40-Hsp






Univ. Vita Salute San Raf-
faele, Italy
Multistep Protein Quality Control in





Univ. of Copenhagen, Den-
mark
Regulating disulfide-bond formation in




2009.12. 1 Jeffrey L. Brodsky
University of Pittsburgh,
USA
Molecular chaperones, ER associated





2009.12.4 Ram I. Mahato
Department of Pharmaceu-
tical Sciences, University of
Tennessee Health Sciences
Gene Expression and Silencing for Im-






Research Institute, Mt. Sinai
Hospital, Toronto
piggyBac transposition repro-
grammed induced pluripotent stem






















開催日 2009 年 1月 16 日（金曜日）
場 所 再生医科学研究所東館 5F ルーフテラス
プログラム
発表者 所属 演題名
根 来 宏 光 生体材料学分野 膀胱機能的再生を目指して
塩 谷 伊 毅 臓器再建応用分野 polyglycolic acid-collagen tube で修復したイヌ下歯槽神経の再生に星状神経節ブロックが及ぼす影響
森 実 飛 鳥 生体修復応用分野 ヒト ES 細胞から誘導した増殖可能なドーパミン神経前駆細胞
大 貫 茉 里 再生誘導研究分野 異なる 2 種類の遺伝子セットを用いたマウス人工多能性幹細胞の誘導／体細胞の不完全なリプログラミングに関する研究
望 月 裕 司 再生誘導研究分野 胚性幹（ES）細胞における転写因子 Klf4 の機能解析
木 戸 祐一郎 生体材料学分野 幹細胞への small interfering RNA 導入のための非ウィルス性キャリア作成
飯 田 敦 夫 再生増殖制御学分野 小型魚類ゼブラフィッシュを用いたアプローチにより，ADAM プロテアーゼの形態形成における機能を解析する
中 村 淳 一 シミュレーション医工学研究領域 葉酸吸着によるタキソールの抗ガン効果の向上
後 神 秀 考 ナノバイオプロセス研究領域 一分子観察法を駆使した膜骨格構成分子としての septin の役割の解明
杉 田 守 ナノバイオプロセス研究領域 新規青色蛍光プローブシリコンナノ結晶の開発とその応用
野 田 裕 美 生体機能調節学分野 Neuropilin-1 により区分できる活性化制御性 T 細胞
石 田 義 人 細胞機能調節学分野 小胞体に蓄積する異常コラーゲンの分解
Institute for Frontier Medical Sciences
５．学術集会－１６５－
International Conference “Protein Folding and neurodegenerative disease”
Date : April 6－7, 2009
Venue : Heian Kaikan, Kyoto
Chaired by Richard Morimoto (Northwestern Univ.)
Kazuhiro Nagata (Kyoto Univ.)
Ryosuke Takahashi (Kyoto Univ.)
【Monday, April 6】
Opening remarks : Rick Morimoto (Northwestern)
Welcome remarks : Kazuhiro Nagata (Kyoto)
Session 1 : Basic biology of protein aggregation and disaggregation
Chair : Gill Bates (London) and Yukio Fujiki (Kyushu)
Toshiya Endo (Nagoya)「From Life of Proteins to Protein Community」
Ron Kopito (Stanford)「Cellular responses to intracellular and extracellular protein aggregates」
Rick Morimoto (Northwestern)「Stress response and chaperone networks in neurodegenerative disease and aging」
Kazuhiro Nagata (Kyoto)「Dynamics of aggregation and disaggregation of neurodegenerative disease-causative proteins」
Session 2 : Misfolding of SOD1 in ALS
Chair : Erich Wanker (Berlin) and Koji Yamanaka (Riken)
Hideki Nishitoh (Tokyo)「The role of ER stress in ALS」
Dave Borchelt (Florida)「Misfolding and aggregation of mutant SOD1 in familial ALS」
Don Cleveland (UCSD)「Misfolding, mitochondria, and motor neuron disease」
【Tuesday, April 7】
Session 3 : Chaperone networks, protein folding, and aggregation
Chair : Ron Kopito (Stanford) and Tamotsu Yoshimori (Osaka)
Masasuke Yoshida (TITECH)「New aspect of chaperonin mechanism」
Hideki Taguchi (Tokyo)「Mechanism of yeast prion propagation revealed by direct observation of prion protein dynamics」
Session 4 : Mechanisms of Parkinson’s disease
Chair : Don Cleveland (UCSD) and Kazuhiro Iwai (Osaka)
Nobutaka Hattori (Tokyo)「The pathogenesis of familial Parkinson’s disease」
Ryosuke Takahashi (Kyoto)「Molecular mechanisms underlying parkin-related parkinsonism」
Makoto Kinoshita (Kyoto)「Septins as a determinant of dopamine metabolism and alpha-synuclein aggregation」
Session 5 : New therapeutic strategies for polyglutamine diseases
Chair : Rick Morimoto (Northwestern) and Yoshitaka Nagai (NCNP)
Gill Bates (London)「In vivo validation of HDACs as therapeutic in HD」
Nobuyuki Nukina (Riken)「New strategy for the treatment of polyglutamine diseases」
Erich Wanker (Berlin)「Modulating protein misfolding pathways in neurodegeneration」
Gen Sobue (Nagoya)「Molecular targeted therapy for polyglutamine disease ; special reference to SBMA」

























開催日：2009 年 9 月 26 日（土） 午後 2 時 00 分～午後 4 時 10 分
場 所：京都大学百周年時計台記念館 1 階百周年記念ホール
開会挨拶
「細胞を使って病気を治す」 再生医科学研究所 戸口田淳也 教授
「幹細胞はどこにいる？～旅する血液・免疫系幹細胞と白血病」 再生医科学研究所 長澤 丘司 教授
Institute for Frontier Medical Sciences
５．学術集会－１６７－
．共同研究













北村 朗，久保田広志，稲田のりこ，松本 弦，Richard I. Morimoto，金城政孝，永田和宏：分光イメージング法を用いた変異
型 SOD1 の凝集体形成と凝集体中間構造の解析－凝集中間体と細胞毒性の関係について－：第 31 回日本分子生物学会年
会・第 81 回日本生化学会大会－合同大会（一般口頭発表およびポスター発表），神戸市，2008.12.9－12
久保田広志：タンパク質品質管理機構の研究：平成 20 年度京都大学再生医科学研究所共同研究会（口頭発表），京都市，2009.3.27
Akira Kitamura, Masataka Kinjo, Hiroshi Kubota and Kazuhiro Nagata : Dynamics of Aggregation and disaggregation of













マウス歯周靭帯組織における Scx の発現を確認した．ScxGFP トランスジェニックマウスにおいて GFP 蛍光発現を指標に発
現部位の特定を試みた．GFP 蛍光は自家蛍光のために観察が困難であったため，免疫染色法にて抗 GFP 抗体を用いる事で観察
















ヒト ES 細胞から心筋細胞，ペースメーカー細胞の樹立を目指して，ヒト ES 細胞への NKx2.5-BAC の遺伝子導入を行った．
ヒト ES 細胞から拍動する心筋細胞の分化誘導に成功し，現在，NKx2.5-BAC を導入したヒト ES 細胞のセレクションが進行中
である．
○研究成果の公表：
Arakawa, K., et al. Properties of cardiac pacemaker like cells isolated from mouse ES cells．第 7 回幹細胞シンポジウム，東京，2009
年 5 月




所内で開発された新しい in situ Tissue Engineering の手法を再生医療に臨床応用する共同研究を行った．特に頭頚部外科領域
への応用を目指した人工気管，人口喉頭の開発を目指して行った．ビーグル犬用の人工気管を作成した．頚部の気管を置換する






X 線誘発マウス胸腺リンパ腫において，T 細胞の増殖，分化に関わる転写因子 Ikaros が高頻度（50％）で変異していることを
みつけた．T 細胞の増殖・分化には Ikaros 以外に Notch1 も重要である．本研究では，X 線照射および環境化学物質 ENU によ




これは，Notch1 の欠失は悪性増殖の過程で起こったことを意味する．これらのリンパ腫の TCRb を解析することで，Notch1
の欠失が分化段階のいつ頃起こったのかを推測する予定である．
○研究成果の公表：
Fujimoto, S., Kakinuma, S., Kina, T, Shimada, Y. : Further V to DJ rearrangement of TCRβ gene in the presence of an in-frame
VDJ construct．第 38 回日本免疫学会総会・学術集会（2008.12.1－3．京都）
藤本真慈，柿沼志津子，喜納辰夫，島田義也：一頭のマウスに発生した胸腺リンパ腫の TCRβ鎖遺伝子再構成の解析によって
明らかになった 1 個の前リンパ腫細胞からの増殖と分化．第 31 回日本分子生物学会年会・第 81 回日本生化学会大会合同
大会（2008.12.9－12．神戸）
Institute for Frontier Medical Sciences
６．共同研究－１６９－
Shang, Y., Shimada, Y., et al. Aberrant activation of interleukin-9 receptor and downstream Stat3/5 in primary T-cell lymphomas
in vivo susceptible B6 and resistant C3H mice, In Vivo, 22（6）, 713－720, 2008.
Takabatake, T., Shimada, Y., et al. Microarray-based global mapping of integration sites for the retrotransposon, intracisternal A-




研 究 代 表 者 再生医科学研究所共同研究者 研 究 課 題
岸田 晶夫 教 授
（東京医科歯科大学生体材料工学研究所）










永田 和宏 教 授
（細胞機能調節学分野） タンパク質品質管理による細胞保護の研究
鄭 雄一 教 授
（東京大学大学院工学系研究科）
宿南 知佐 准教授
（生体分子設計学分野） 歯周組織における Scx-Tenomodulin 機能の解明








中辻 憲夫 教 授
（発生分化研究分野） ヒト心臓ペースメーカー細胞の樹立と心疾患研究












若尾 宏 助 教
（北海道大学大学院医学研究科）
坂口 志文 教 授
（生体機能調節学分野） 霊長類 ES 細胞からの免疫制御性 T リンパ球の分化誘導
山田 源 教 授
（熊本大学生命資源研究・支援センター）




研 究 代 表 者 再生医科学研究所共同研究者 研 究 課 題
川上 浩一 教 授
（国立遺伝学研究所）
瀬原 淳子 教 授
（再生増殖制御学分野） 脊椎動物の骨格筋の形成・成熟・維持機構の研究







（平成 22 年 1 月 1 日現在）
◆ 京都大学再生医科学研究所協議員（所外）◆
小 西 郁 生（京都大学大学院医学研究科教授）
長 田 重 一（京都大学大学院医学研究科教授）
鍋 島 陽 一（京都大学大学院医学研究科教授）
伊 藤 紳三郎（京都大学大学院工学研究科教授）
北 村 隆 行（京都大学大学院工学研究科教授）
西 田 栄 介（京都大学大学院生命科学研究科教授）
◆ 京都大学再生医科学研究所運営委員（所外）◆
大 隅 典 子（東北大学大学院医学系研究科教授）
妙 中 義 之（国立循環器病センター研究所副所長）
高 戸 毅（東京大学大学院医学系研究科教授）
長 田 重 一（京都大学大学院医学研究科教授）





西 田 幸 二（東北大学大学院医学系研究科教授）
◆ 京都大学再生医科学研究所教職員等 ◆
所長（兼）：坂 口 志 文 副所長（兼）：開 祐 司，岩 田 博 夫
■ 生体機能学研究部門 ■
〈細胞機能調節学分野〉








特任事務職員：高山みな 事務補佐員：池田雪江 教務補佐員：柴田 茜 技術補佐員：岡本陽己
特任研究員：橋本 求，濱口真英 研究員（科学研究）：佐々木直人，伊藤能永，田中 淳
大学院生：吉岡弓子，Paz Prieto Martin，瀬藤和也，大崎一直，藤森千尋，秋月修治，森川洋匡，坂井 薫，島津 裕
〈生体システム制御学分野〉
教授：長澤丘司 助教：杉山立樹 研究員（学術支援）：尾松芳樹 事務補佐員：吉久保説子
特定研究員（G-COE）：△中川俊徳
大学院生：野田麻実子，藤本七恵（休学中），長岡 真，川口晃司






教授：開 祐司 准教授：宿南知佐 講師（非常勤）：近藤 淳，鄭 雄一，小守壽文，池川志郎
教務補佐員：滝本 晶 技術補佐員：杉山弘美 大学院生：杉本由紀，毛利公美，佐野寛子，島村仁子






受託研究員：福西賢晃，川端慎吾，塚本啓司，小林はつみ 研究員（産官学連携）：上杉佳子 研究員（科学研究）：劉 健
特定研究員（学術支援）：城潤一郎 特定研究員（G-COE）：△小原洋志 民間等共同研究員：園田 浩
研究生：齊藤高志 日本学術振興会外国人特別研究員：Juthamas Ratanavaraporn 特別研究学生：浅野一成
〈組織修復材料学分野〉
教授：岩田博夫 准教授：加藤功一 講師（非常勤）：宇山良公 助教（RI センター所属）：寺村裕治
事務補佐員：鈴木義子
大学院生：陳 顥，Nguyen Minh Luan，EGAWA Edgar Yuji，小長谷周平，西垣達矢，山本寿弘，山本英樹，小村 嵩，
竹本直紘，村上隆史

































大学院生：金 永輝，梶田洋一郎，那須 輝，三井裕人，末吉達也，笠原 崇，早川和男，玉置さくら，Elalaf Hassan，
小林恭介
〈器官形成応用分野〉
准教授：角 昭一郎 特定助教（産官学連携）：白水泰昌 講師（非常勤）：砂村真琴，日裏彰人，小林直哉










施設長（兼）：長澤丘司 副施設長（兼）：戸口田淳也 准教授：近藤 玄 技術職員：出口央士，松尾美奈
技能補佐員：古卿智英，人見博子，石丸英典，細田 勝，西山尚之，柴田 豊，森本幸子，田中正行，藤田 章，竹明フサ，














特定研究員（特別教育研究）（CPC 主任）：高田 圭 技術補佐員：濱生麻里















准教授：玄 丞烋 講師（非常勤）：南部敏之，茂木伸夫，中島直喜 特任助教：松村和明












専門職員（総務グループ長）：籏谷文一 主任：服部和枝 事務職員：木村 彩 事務補佐員：戸倉理恵子，杉谷香菜
専門職員（共同利用グループ長）：神田俊明 主任（兼）：三原一晃，服部和枝
専門職員（経理グループ長）：重光一夫 専門職員：馬場 勉 主任：三原一晃，西坂加奈
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